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I.—On the Determination of the Intensity of the Earth’s Magnetic Force 
in absolute Measure. By the Rev. HumPurey Luoyp, D.D., Fellow of 
Trinity College, Dublin, and Professor of Natural Philosophy im the 
University; F.R.S.; V.P.R.I.A.; Honorary Member of the American 
Philosophical Society, and of the Batavian Society of Experimental Phi- 
losophy. 


Read January 9, 1843. 


THE attention of mathematicians and experimentalists has been, for some 
time past, directed to the means of determining the intensity of the earth’s 
magnetic force in absolute measure. These means consist, it is well known, in 
observing the time of vibration of a freely-suspended horizontal magnet, under 
the influence of the earth alone, and then employing the same magnet to act 
upon another, which is also freely-suspended, and noting the effects of its action 
combined with that of the earth. From the former of these observations we de- 
duce the product of the horizontal component of the earth’s magnetic force into 
the moment of free magnetism of the first magnet,—from the latter, the ratio of 
the same quantities; and, the product and the ratio being thus known, the two 
factors are absolutely determined. The former part of this process involving no 
difficulty which may not be overcome by due care in observing, we shall confine 
our attention, in the present communication, to the latter. 
B2 
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Two methods have been proposed for this second observation, one by Poisson, 
and the other by Gauss. The method of Poisson consisted in observing the 
time of vibration of the second magnet, under the combined action of the first and 
of the earth, the acting magnet having its axis in the magnetic meridian passing 
through the centre of the suspended magnet. In the method of Gauss, which is 
now universally adopted, we observe the position of equilibrium of the second 
magnet, resulting from the action of the same forces. The acting magnet being 
placed transversely with respect to the suspended one, the latter is deflected from 
the meridian, and the amount of this deflection serves to determine the ratio of 
the deflecting force to the earth’s force. The position chosen by Gauss for the 
deflecting magnet is that in which its axis is in the right line passing through 
the centre of the suspended magnet, and perpendicular to the magnetic meri- 
dian, in which case the tangent of the angle of deflection is equal to the ratio 
of-the two forces. From this ratio it remains to deduce that of the magnetic 
moment of the deflecting bar to the earth’s force. 

The difficulty of this process arises from the form of the expression of the 
force of the deflecting bar. This force being expressed by a series descending 
according to the negative odd powers of the distance, with unknown coefficients, 
it is evident that observation must furnish as many equations of condition, cor- 
responding to different distances, as there are terms of sensible magnitude in the 
series; and from these equations the unknown quantities are to be deduced by 
elimination. Now, the greater the number of unknown quantities thus elimi- 
nated, the greater will be the influence of the errors of observation on the final 
result; and if, on the other hand, the distance between the magnets be taken 
so great, that all the terms of the series after the first may be insensible, the 
angle of deflection becomes very small, and the errors in its observed value bear 
a large proportion to the whole. 

It fortunately happens, that at moderate distances (distances not less than 
four times the length of the magnets) all the terms beyond the second may be 
neglected. The expression for the tangent of the angle of deflection is thus re- 
duced to two terms, one of which contains the inverse cube of the distance, and 
the other the inverse fifth power ; that is, if « denote the angle of deflection, 
and p the distance, 


Q 
tan u = Soingee 
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in which @ and q@’ are unknown coefficients, the former of which is double of the 
ratio sought. Accordingly, the method recommended by Gauss consists in ob- 
serving the angles of deflection, w and w’, at two different distances, p and pb‘, and 
inferring the coefficient @ by elimination between the two resulting equations of 
condition. 

The object of the present paper is to point out the means by which the 
quantity sought may be obtained, without elimination, from the results of obser- 
vation at one distance only; and thus not only the labour of observation be 
diminished, but (which is of more importance) the accuracy of the result in- 
creased. Before entering on this, however, it will be expedient to ascertain the 
amount of the probable error in the received method. 

The coefficient of the first term, obtained by elimination between the two 
equations of condition above alluded to, is 


p”® tan wu’ — p’* tan u 


2 


Q=— 73 
Dee 
The distances being greater than four times the length of the magnets, the 
angles of deflection are small, and there is, approximately, tan w = wu tan 1’, 
tan uw’ = w' tan 1’, wand’ being expressed in minutes; and making pb’ = gp, the 


preceding expression becomes 
sean Vl —U 
Q= pv’ tan 1’ ——_—_—_. 
¢g—1 
The probable errors of uv and w’ are equal ; and, by a well known theorem of the 
calculus of probabilities, the probable error of Q is 
V q+ 
Te 
In determining the ratio of this error to the quantity itself, we may observe that 
there is, approximately, g°w’ = wu, and 


Aq = p* tan 1’ Au. 


Q =p? tan ee; 
and dividing the formula last found by this, 
Ae _ gh Fl au 
Qu treage eee 
It appears from the preceding theorems, that the value of Ag, corresponding 
to a given value of Aw, varies with the assumed ratio of the distances, 7; and 
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that, in order to apply the method most advantageously, this ratio must be taken 
in such a manner, that the probable error, Aa, shall be the smallest possible. This 
condition gives 

d ee + il 

Sos amar ) =0; 

dg’ g-— 1" 
whence we obtain the following equation for the determination of q: 

3q°— 5q¢° —2=0. 


In order to solve this equation we may observe that, g being greater than unity, 
the last term of the equation may, in a first approximation, be neglected in com- 
parison with the others; so that we have, approximately, 


37°—5=0, g=V iar. 


And setting out from this value, we find, by any of the known methods of ap- 
proximation, 

g= 15325 
or 14, very nearly. Accordingly the smaller distance, 7, being determined by 
the condition that the third term of the series shall be insensible, the greater 
distance should be 1°32 7. 


: : : : A ; 
If we substitute this value of q, in the expression for = above obtained, we find 


from which we can calculate the least probable error corresponding to any given 
angle of deflection, the probable error of reading being known.* 


* In the Dublin Magnetical Observatory the deflecting bar hitherto employed is 12 inches in 
length, and the least deflecting distance therefore 4 feet. The deflection produced by it at this 


distance is about 3° 56’; and the probable error of observation does not exceed 5”. Hence, in 
this case, 


Ag 5: 563 
—_— = —#—_——_—_ = 2. . 
Q 236 x 12 ee 
The absolute intensity,x, varies inversely as the square root of q; so that 
Ax _, Ae 
x so. 


Consequently, the resulting probable error in the determination of the absolute intensity, made 
according to the usual method, is, at this Observatory, about the ;;;,th part of the entire quantity. 
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Now let us suppose the term containing the fifth power of the distance to 
vanish, in the expression for the deflecting force. The value of @ will then be 
reduced to 
Q= pD*tanu; 
in which we may take tan wv = w tan 1’, as before. Hence there is 
4a _ Au, 
pn Fane 77h 
and the probable error is less than in the usual method in the ratio of 1 to 5-563, 
even when the latter is employed in the manner most conducive to accuracy. 
Accordingly, if by any means the coefficient of the inverse fifth power of the 
distance can be annihilated, or rendered so small that the term shall have no sensible 
influence, the accuracy of the results will be increased more than five-fold, and, 
at the same time, the observations being taken at one distance only, the labour 
of observation will be halved. 

The same advantages will be gained, if, the coefficient of the inverse fifth 
power of the distance retaining a sensible value, the ratio of the two coefficients 
may be knownd priori. Let 

Quo; 
h being a known quantity. In this case the expression for the tangent of the 
angle of deflection becomes 


tan w= s(1 +=); 


D? 
and the coefficient sought is obtained, from the result of observation at a single 


distance, by the formula 
pD’ tan ~ 


= T+ ipo" 
It is evident that the probable error of @ thus obtained, arising from an error in 
the observed deflection, is the same as in the case last considered, and therefore 
between 5 and 6 times less than in the ordinary method. 
The object of the following investigation is to point out the means of attain- 
ing these advantages. 
Let the axis of the deflecting magnet be supposed to lie in the right line 
joining the centres of the two magnets, and let the axis of the suspended magnet 
make the angle y with that line. Then, if x and y denote the forces exerted 
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by the deflecting magnet, upon any element of free magnetism, m, of the sus- 
pended magnet, in the direction of the line connecting it with the centre of the 
deflecting magnet, and in the line perpendicular to it, respectively, their moment 
to turn the magnet round its point of suspension will be 


r{xsin(@+ ¥) + y¥ cos (d+ ¥)}5 


r denoting the distance of the particle m of the suspended magnet from its centre, 
and @ the angle which the line connecting this particle and the centre of the 
deflecting magnet makes with the axis of the latter. Now, I have elsewhere 
shown* that, if we include the terms involving the fifth power of the distance, 
the values of x and y are 


2 
x= Theos {au + “2 (5 cos’ » — 8)}, 


m . M 5 
¥ = Gsin o {M+ 578 (Seog —1)} 5 

a being the distance of the particle m of the suspended magnet from the centre 
of the deflecting magnet, and m and M, denoting, respectively, the integrals cor- 
responding to \mrdr, (mr"dr, for the deflecting magnet, taken between the limits 
r=+i length. Now 

‘ ae 

sin d= —siny; 

a 

so that, extending the approximation to the term involving the fifth power of 


the distance only, we must make sin @ = 0, cos @ = 1, in the coefficient of that 
term. ‘The preceding expressions are thus reduced to 


——— 


m 
a 


2M ihe oe 
(ucosp+ =), Y=-—mMsing; 
a a 
and, substituting, the moment of these forces to turn the magnet is 
mr { 


aM (3 sin $ cos @ cos + + (2 — 3 sin’) sin ¥)+ See y} : 


a 


or, eliminating @ by the relation between it and y, 
mr . r Ts: 4m 
sin y [at (2+3 cosy —3 7 sin y) +h. 


* Transactions of the Royal Irish Academy, vol. xix. p. 163. 
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Now, if p denote the distance between the centres of the two magnets, 
a@ =v +r’ — 2prcos y. 
Wherefore, developing the inverse powers of a@ in series ascending according 
to the powers of = , stopping at the inverse fifth power of the distance, and substi- 
tuting in the expression for the moment above given, it becomes 


4M) 
Dan 


Me sin ¥}u (2 + 90s ¥ ~ + 6(5 cos? — y5)+ 


This being the moment of the force exerted by the deflecting magnet upon a 
single particle, m, of the suspended magnet, the moment of the force exerted upon 
the entire magnet is obtained by multiplying by dr, and integrating between the 
limits 7 = + /, / being half the length of the suspended bar.* The magnetism 
being supposed to be distributed symmetrically on either side of the centre of the 
suspended magnet, and the axis of suspension to pass through that centre, we have 


( mriar == (0: 


+1 41 
Accordingly, denoting the integrals ( mrdr, ) mr’dr, by M’ and M,’, the ex- 
—!l 


pression for the moment of the whole force is 
2mm’. Ms = M;\ 1 
“ sin y {1 +(24 3(5 cosy — 1) *,) =H. 
When there is equilibrium, this moment must be equal to that of the force 
exerted by the earth upon the suspended magnet. Let x be now taken to denote 


the horizontal component of the earth’s magnetic force. The moment of the 
force exerted by that component upon the particle m of the suspended magnet is 


MXP SIN U 5 
u denoting the deviation of the axis of the magnet from the direction of the 
force. Multiplying by dr, therefore, and integrating, the total moment is 


* We have here assumed, that the effect of a magnet is the same, with respect to any point at a 
moderate distance, as if the magnetic elements in each section perpendicular to its axis were all con- 
centred in the axis; or, in other words, that the integration with respect to the other dimensions of 
the bar introduces no new term into the integral. There is no difficulty in proving that such is the 
case, the magnetic elements being supposed to be distributed symmetrically with respect to the axis. 
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Hence the equation of equilibrium is 


2m . M3 : M;\ 1 
in w% = — 2—+3(5cosy— 1 =I. 
xsin& = — sin y 1+ ( a + 3( Va ) =a 
There are two cases of this solution which demand our consideration. 
In the method of Gauss, the deflecting magnet is perpendicular to the mag- 
netic meridian, and therefore y= 90°—w. In this case, then, the preceding 
equation becomes 


2M M; M3 Ae ines SI 
< = —i1 (2—— = 15 sin’ w -) —. 
aioe D* | +. M M 1 M 


Accordingly, the term containing the fifth power of the distance is composed of 
two parts, one of which is constant, while the other varies with the angle of de- 
flection ; so that, if there were no means of determining @ priori the values of 


/ 
. M3 Mz é Bie : s : 
the ratios, —, —, three equations of condition would be, in strictness, required for 
M’ M 


the determination of the three unknown quantities ;—namely, the coefficient of 
the inverse cube of the distance, and the two parts of the coefficient of the 
inverse fifth power. However, the distance beg greater than four times the 
length of the magnet, the angle of deflection, w, is always small, and the term 


involving the square of its sine may be neglected in comparison with the others. 
Accordingly, if we make, for abridgment, 


2M M, 
— — Q, 2 = —_ = h, 
Xx 
the expression for the tangent of the angle of deflection is reduced to the form 
Q h 
tan uw = — (1 =) 5 
ace Cat 


In the method of deflection employed by Professor Lamont, the deflecting bar 


is always perpendicular to the suspended bar. In this case, therefore, y= 90’, 
and the equation of equilibrium is reduced to 


l M M 


: 2M f M M3\ 1 
; = -— Siewetvtes t psc Se 
X sin &@ 53 1+ ( 3 ) i 
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and the equation is the same as that to which it is reduced in the former case, 
the sine of the angle of deflection being substituted for the tangent. It appears 
from the result, that this method is to be preferred to the former, not only be- 
cause the angle of deflection is greater, cet. par., but also because the variable 
part in the coefficient of the inverse fifth power of the distance is strictly 
evanescent. 

It remains now to inquire in what manner the quantity , which expresses 
the ratio of the two coefficients, may be known @ priori; and whether that 
quantity may be made to vanish, by any simple relation between the acting 
magnets. 

For this purpose we must know, at least approximately, the law of magnetic 
distribution, or the function of r by which m is represented. Almost the only 
knowledge which we possess on this subject is that derived from the researches 
of Coulomb. From these researches M. Biot has inferred, that the quantity of 
free magnetism, in each point of a bar magnetized by the method of double 
touch, may be represented by the formula 


MA (w-7— pt") 3 


» being a quantity independent of the length of the magnet, and a a function of 
pwand/. M. Biot has further shown, that when the length of the magnet is small, 
the relation between m and ris approximately expressed by the simple formula 
/T . 

1 ° 
the curve of intensities becoming, in that case, very nearly a right line passing 
through the centre of the magnet. 

Employing then this approximate formula, we have 


m= mM 


+t m +1 
— = Dh — ‘]2. 
M= \_ mrar 7 fez dr=2m'P; 


+ m’ ot! 
a ) mrdr = —§ rdr = 2 m'l'. 
ie) ——- 


The ratio of these quantities is independent of m’, and we have simpl 
q P ply 
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Finally, substituting in the value of h above given, and designating the half 
lengths of the deflecting and of the suspended magnets by / and /’, respectively, 


h=3(2r—3!”); 


a quantity whose value may be exactly known, independently of experiment. This 
quantity vanishes, when 7 = 31”, or 


J = 1-2241'; 


a result which is independent of the magnetic state of the bars.* 


As the preceding results depend, in part, upon an empirical law of magnetic 
distribution, which is only approximately true in the case of small magnets, it 
seemed desirable to obtain a confirmation of their accuracy by direct experiment. 
The nature of such confirmation will be immediately understood from the form 
of the relation between the angle of deflection and the distance. For since, in 
the method of deflection employed by Gauss, p*tanu=Q(1-+/n~*), the 
function pb’ tan w will be constant for all values of p, when 4 = 0; while, if the 
coefficient of the fifth power of the distance have a sensible value, it will vary 
with p, its values forming a decreasing or increasing series, as D increases, ac- 
cording as h is positive or negative. Hence we have only to observe the deflec- 
tions produced at different distances, when the two magnets have the relative 
lengths pointed out above, and to compare the results with those obtained under 
other circumstances. 

Several series of experiments were accordingly made in the beginning of 
the present month, in some of which the lengths of the two magnets were the 
same, while in others they were in the deduced ratio of the number 1-224 to 1. 
The form of the magnets was cylindrical, their lengths being 3 inches, and 


* If the centre of the deflecting magnet be in the magnetic meridian passing through the centre 
of the suspended magnet, and its axis perpendicular to the same line, we find, by a process similar to 
that above given, that the condition to be fulfilled, in order that the term involving the fifth power 
of the distance may vanish, is 

M, __ ,Ms'. 
MM?’ 


and accordingly that the corresponding relation between the lengths of the two magnets is, in that case, 


oil 
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3 inches, and their diameter 34; of inch. The suspended bar was hung by 
two fibres of untwisted silk, and inclosed in a small wooden box with glazed 
front. The deflections were observed by means of a mirror attached below the 
magnet, which reflected the divisions of a scale placed at a distance of nearly 
six feet from it. As the utmost precaution was required in the experiments, 
the use of a copper ring or metallic box was dispensed with, and the arc of 
vibration reduced by means of a magnet, which was always replaced carefully 
in the same position after use. The deflecting magnet was placed on the east 
and west sides of the suspended one, at distances varying from 15 to 30 inches. 
The distances were observed by the help of a standard scale, a line at the 
middle of the magnet being made to coincide with the image of the division of 
the scale, reflected from its polished side. The observations were made beginning 
with the longest, and proceeding to the shortest distance at one side, and back 
again in the reverse order at the other, so that the two observations at the same 
distance were taken at times equally remote from the middle epoch. 
The angles of deflection were calculated by the formula 


tan 2u=43(n,—n,) k;3 
where n, and 7,, denote the observed readings of the scale, with the marked end 


of the deflecting bar to the east and to the west respectively. The value of the 
constant / is given by the formula 


a H 
—_ (i =) = 
d H F/’ 
a denoting the length of one division of the scale, d its distance from the mirror, 


H : : : 
and = the ratio of the torsion force to the magnetic force. In the present 


instance, a = *038935 of inch ; d = 68°52 inches; and - = :000345. Hence 


log k = 6°75467 ; and the angle corresponding to one division of the scale was 
consequently 
1 tan7 k = 58-623. 

The following Tables exhibit the results of the observations. The first 
column of each contains the distances of the magnets, in feet; the second, the 
values of } (2, — 7,,), these values being the means of those obtained with the de- 
flecting magnet on the east and on the west side of the suspended magnet ; 
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the third column contains the calculated values of w; and the fourth those of 
p®? tan w. In the observations of Series I., II., and III., the lengths of the de- 
flecting and suspended magnets were in the ratio of the numbers 1°224 to 1; in 
those of Series IV. and V., the lengths of the two magnets were equal. 


Series I. Time 115 35™ a.m. ... 0% 36" p.m. 
Magnet away, Scale reading = 496-5... 494-5. 


Dp | 4$(te— Ny) | u D® tan u 
| all eee AR: | 5° 38/395 33344 
2:0 | 146-92 2° 23/13” +33347 
e-5 |) 75°12 1° 13/21” +33343 


Series II]. Time 11°37™ a.m... .0°30™ P.M. 
Magnet away, Scale reading = 495-9... 495-0. 


D | 1 (a — nw) u b* tan u 
1°5 350°61 5° 38/7/75, *33302 
2:0 146°71 2° 23/1” * 33300 
2:5 75-06 esas ame *33317 


Series III. Time 11°5™ a.m... .0525™ P.M. 
Magnet away, Scale reading = 496°4.. . 4943. 


Dp | 270) u petanw | 
1-4167 | 417-24 6° 40/16” 33254 | 
1-8750 177°89 2753! 13% *33242 | 
2-5000 74-96 LOS woe *33275 


Series IV. Time 1°30™ p.m. ... 2°23" P.M. 
Magnet away, Scale reading = 494-4... 494-6. 


D 4 (me. — Nw) u p® tan % | 
1-25 389°70 6° 14/42”-5 *21373 

| 1°50 223°95 3° 37/38” *21393 

| 2-00 94°38 Ca Ys eer 33 *21444 
2°50 48°45 ORAS Ge *21510 
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Series V. Time 1555" p.m.... 3°16" P.M. 


Magnet away, Scale reading = 495-7... 498-3. 


| D 4 (Me — Mp) u | p°tanu 
1:25 368-46 6°54/52"-5 | +20233 
1-50 211-99 3°26’ 8” -20261 
1°75 133-41 2°10’ 6” | -20292 
2-00 + 89°39 1927/16" — | ~ -20313 
2°25 63-00 i° 1739" | .-20390 

| 2-50 45°99 0°44/55"-5 |  +20420 | 


These results verify the conclusions to which we have arrived above. The 
values of the function p* tan w are constant for all distances in the first three 
series, the differences in the resulting values being less than the probable errors 
of observation ; and consequently, the coefficient of the inverse fifth power of the 
distance is insensible. Inthe fourth and fifth series, on the other hand, in which 
the lengths of the magnets are equal, the values of this function form an increasing 
series, as D increases; and therefore, in this case, the coefficient of the inverse 
fifth power of the distance has a sensible negative value. 

We may further employ these results to test the accuracy of our conclusions, 
by deducing from them the values of the two coefficients, in the expression for 
the tangent of the angle of deflection, and comparing their ratio with that fur- 
nished by theory. It is needless to make this computation for the numbers of 
the first three series; for it is manifest from the results, that the second coef- 
ficient is insensible, as it theoretically should be. From the results of Series IV. 
we deduce by the method of least squares, 


2148). ha=—r0017;,” = —coo07s 
We obtain, in like manner, from the results of Series V., 

o=-2057) ho = —-0022) i — —- 0110: 
And the mean of the resulting values is —-0094. Now, in these two series, 
the length of each of the magnets was three inches ; that is, / = /'= ‘125, the 


half lengths being expressed in feet. Substituting these values in the expression 
for h, it becomes 
h = —-0094, 


exactly agreeing with the mean of the experimental values. 
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We are justified in concluding therefore, that, in the case of small magnets, 
the ratio of the two coefficients may be inferred d@ priori, by the formula 
hA=3(2P—3l”); 
and, consequently, that the coefficient @, or 2 -, may be obtained, from the 
result of observation at a single distance, by the formula 


__ D’tan u 
2 Eee 
It follows from this, as we have seen, that when / = 1-224/', h =O, and the 


value of Q is reduced to 
Q = pD* tan wu. 


Postscript.— While the preceding pages were passing through the press, I 
received a memoir from Professor Lamont, on the determination of the earth’s 
magnetic force in absolute measure, in which the author has proposed various 
modifications in the existing method, and has considered, with great minute- 
ness of detail, the many corrections which are required in the immediate results 
of observation. Some of the conclusions of the present paper are, I find, 
thus anticipated; in particular, the form of the equation of equilibrium of the 
suspended magnet, for the case in which the axes of the two magnets are at right 
angles. Professor Lamont seems to have considered, however, that no approxi- 
mation to the law of magnetic distribution was possible ; and he has accordingly 
not thought of deducing @ priori the ratio of the coefficients of the terms in the 
above-mentioned equation (except in the imaginary case in which the whole force 
is supposed to emanate from the two ends of the bars), or, therefore, of employing 
that ratio, as is proposed in the present paper, to supersede experiment, and thus 
evade the errors resulting from the process of elimination. 

I take this opportunity of stating, that the present paper was, in substance, 
written during the last summer; and that several instruments have been con- 
structed on the principle suggested in it. The delay in laying it before the 
Academy has arisen from the desire of obtaining, previously, an experimental 
confirmation of the accuracy of the results. 


H. LL. 


I].—An Essay towards a dynamical Theory of crystalline Reflexion and Re- 
Jraction. By James Mac Cuttacn, Fellow of Trinity College, Dublin. 


Read December 9th, 1839. 


SECT. I.—INTRODUCTORY OBSERVATIONS.—EQUATION OF MOTION. 


NEARLY three years ago I communicated to this Academy* the laws by which 
the vibrations of light appear to be governed in their reflexion and refraction at 
the surfaces of crystals. These laws—remarkable for their simplicity and ele- 
gance, as well as for their agreement with exact experiments—I obtained from a 
system of hypotheses which were opposed, in some respects, to notions previously 
received, and were not bound together by any known principles of mechanics, 
the only evidence of their truth being the truth of the results to which they led. 
On that occasion, however, I observed that the hypotheses were not independent 
of each other; and soon afterwards I proved that the laws of reflexion at the 
surface of a crystal are connected, in a very singular way, with the laws of double 
refraction, or of propagation in its interior ; from which I was led to infer that 
“all these laws and hypotheses have a common source in other and more intimate 
laws which remain to be discovered ;” and that “the next step in physical optics 
would probably lead to those higher and more elementary principles by which 
the laws of reflexion and the laws of propagation are linked together as parts of 
the same system.” This step has since been made, and these anticipations have 
been realised. In the present paper I propose to supply the link between the 


* Tn a paper “on the Laws of crystalline Reflexion and Refraction.” —Transactions of the Royal 
Trish Academy, vol. xviii. p. 31. 


} Ibid. p. 53, note. The note here referred to was added some time after the paper itself 
was read. 
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two sets of laws by means of a very simple theory, depending on certain special 
assumptions, and employing the usual methods of analytical dynamics. 

In this theory, the two kinds of laws, being traced from a common origin, are 
at once connected with each other and severally explained ; and it may be observed, 
that the explanation of each, as well as the source of their connexion, is now 
made known for the first time. For though the laws of crystalline propagation 
have attracted much attention during the period which has elapsed since they 
were discovered by Fresnel,* they have hitherto resisted every attempt that has 
been made to account for them by dynamical reasonings ; and the laws of reflex- 
ion, when recently discovered, were apparently still more difficult to be reached 
by such considerations. Nothing can be easier, however, than the process by 
which both systems of laws are now deduced from the same simple principles. 

The assumptions on which the theory rests are these :—/“rst, that the density 
of the luminiferous ether ‘is a constant quantity; in which it is implied that this 
density is unchanged either by the motions which produce light or by the pre- 
sence of material particles, so that it is the same within all bodies as in free space, 
and remains the same during the most intense vibrations. Second, that the 
vibrations in a plane wave are rectilinear, and that, while the plane of the wave 
moves parallel to itself, the vibrations continue parallel to a fixed right line, the 
direction of this right line and the direction of a normal to the wave being func- 
tions of each other. This supposition holds in all known erystals, except quartz, 
in which the vibrations are elliptical. 

Concerning the peculiar constitution of the ether we know nothing, and shall 
suppose nothing, except what is involved in the foregoing assumptions. But 
with respect to its physical condition generally, we shall admit, as is most natural, 
that a vast number of ethereal particles are contained in the differential element 
of volume ; and, for the present, we shall consider the mutual action of these 
particles to be sensible only at distances which are insensible when compared with 
the length of a wave. 

By putting together the assumptions we have made, it will appear that when 
a system of plane waves disturbs the ether, the vibrations are transversal, or 
parallel to the plane of waves. For all the particles situated in a plane parallel 
to the waves are displaced, from their positions of rest, through equal spaces in 


* These laws were published in his Memoir on Double Refraction.—Mémoires de l'Institut, 
tom. vil. p. 45. 
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parallel directions; and therefore if we conceive a closed surface of any form, 
including any volume great or small, to be described in the quiescent ether, and 
then all its points to partake of the motion imparted by the waves, any slice cut 
out of that volume, by a pair of planes parallel to the wave-plane and indefinitely 
near each other, can have nothing but its thickness altered by the displacements; 
and since the assumed preservation of density requires that the volume of the slice 
should not be altered, nor consequently its thickness, it follows that the displace- 
ments must be in the plane of the slice, that is to say, they must be parallel to 
the wave-plane. And conversely, when this condition is fulfilled, it is obvious 
that the entire volume, bounded by the arbitrary surface above described, will 
remain constant during the motion, while the surface itself will always contain 
within it the very same ethereal particles which it enclosed in the state of rest ; 
and all this will be accurately true, no matter how great may be the magnitude 
of the displacements. 

Let x, y, z be the rectangular coordinates of a particle before it is disturbed, 
and a+ y+ 4, 2+ ¢ its coordinates at the time ¢, the displacements & y, ¢ 
being functions of x, y, z and ¢. Let the ethereal density, which is the same in 
all media, be regarded as unity, so that drdydz may, at any instant, represent 
indifferently either the element of volume or of mass. Then the equation of 
motion will be of the form 

SS dedydz papell a¢)= (SS dedydztV, (1) 
t dt dt 
where V is some function depending on the mutual actions of the particles. The 
integrals are to be extended over the whole volume of the vibrating medium, or 
over all the media, if there be more than one. 

Setting out from this equation, which is the general formula of dynamics 
applied to the case that we are considering, we perceive that our chief difficulty 
will consist in the right determination of the function V; for if that function were 
known, little more would be necessary, in order to arrive at all the laws which 
we are in search of, than to follow the rules of analytical mechanics, as they have 


been given by Lagrange. The determination of V will, of course, depend on the 
assumptions above stated respecting the nature of the ethereal vibrations; but, 
before we proceed further, it seems advisable to introduce certain lemmas, for the 
purpose of abridging this and the subsequent investigations. 

pd 2 
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SECT. Il.—LEMMAS. 


Lemma I. Let a right line making with three rectangular axes the angles 
a, B, y, be perpendicular to two other right lines which make with the same axes 
the angles a’, 6’, 7 and a”, B”, 7’ respectively, and which are inclined to each 
other at an angle denoted by @; then it is easy to prove that 


sin @ cos a = cos f' cos 7’ — cos B’ cos 7’, 
sin 6 cos B = cos 7 cos a’ — cosy’ cos a’, (A) 


sin 6 cos y = cosa’ cos B’ — cosa’ cos f ; 
¢ 


supposing the first right line to be prolonged in the proper direction from the 
origin, in order that the opposite members of any one of these equations may 
have the same sign, as well as the same magnitude. 

If the last two right lines be perpendicular to each other, we have sin 6 = 1, 
and the formule become 


cos a = cos f’ cosy’ — cos B’ cos 7; 
cos B = cos cos a’ — cos 7’ cos a’, (B) 
cos y = cos a’ cos B’ — cos a” cos B’ ; 


but in this case the three right lines are perpendicular to each other, and there- 
fore we have, in like manner, 


cos a’ = cos fp” cos y — cos Bcos 7’, 
cos B’ = cos 7’ cos a — cos y cos a’, (3’) 
cos y' = cos a’’ cos B — cos a cos B” ; 
and also, 

cos a’ = cos B cosy’ — cos f' cos 7; 
cos 6’ = cos y cos a’ — cosy cos a, (B’) 
cos 7’ = cos acos ’ — cosa’ cos Bp. 

The last three groups of formule will still be true, if we suppose the first 


right line to make with the axes the angles a, a’, a’, the second the angles 
B, B’, 6’, and the third the angles y, 7; 7’. 
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Lemma il. Let & 7, ¢ denote, as before, the displacements of a particle 
whose initial coordinates are x, y, 2; and after putting 


= danas OG ae dé dy 


“= dz dy’ Y= da dz’ 7 = dy da’ (c) 


suppose the axes of coordinates, still remaining rectangular, to have their direc- 
tions changed in space, whereby the quantities x, y, z will be changed into 
x’, y’, 2’, answering to the new coordinates .’, y/’, 2’, and to the new displacements 
&, 7, ¢; then will the quantities x’, y’, z’ be connected with x, y, z by the 
very same relations which connect the coordinates 2’, 7’, 2’ with x, y, z, or the 
displacements &, x’, ¢’ with & », ¢. 

That is to say, if the axes of x, y, z make with the axis of 2’ the angles 
a, B, y, with the axis of y/ the angles a’, f’, 7’, and with the axis of 2 the angles 
a’, B’, " respectively, we shall have 


x= x’ cosa-+yY’ cosa’ +7’ cos a’, 
Y¥ = x’ cosB + Y’ cos p’ +2’ cos Bp”, (D) 
Z= x’ cosy + Y’ cosy + z’ cos 7’, 

and 
x’ =xcosa+ycosB+z cosy, 
y’=xcosa’ + ycos pf’ +z cos7, (D’) 
z’ = xcosa’ + ycosp’ + z cosy’; 


just as we have, for example, 


E=# cosa+7 cosa + cosa”, 
9 = & cos 6 + 7/' cos 6’ + & cos B%, (d) 


€= & cosy+ 1 cosy’ + ¢ cosy”, 
and 


x = «cosa +ycosB+ z cos ¥, 
y¥ =2008 a + ycosp’ + z cosy, (d’) 
2 = «cosa + ycosp’ + z cosy’. 
For, the change of the independent variables x, y, z into 2’, y/, 2 gives us 
the equations 
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dy _ dy dx’ dy pet dy dz 
FE: ~ da’ dz * dy’ dz ' dz’ dz’ 
_ de dx’ wigs dg dy’ , & dz 
E= dui dy ' dy dy ' dz dy’ 
in the right-hand members of which we have to substitute the values of the dif- 
ferential coefficients obtained from ) and a Thus we get 


a1 (Fe mak; ee e+e © cos p”) cosy 


ce one 75 el ‘See cos 


Coy ) 
— = 7 bee — T cos B fe a cos p’) cos 7", 

=! ) 

) 


A 


Ce 


d. 
z ovr Shs +E cos 


cos B 
( ee dnt aos ? 
ae a y y cosy + Se, c08 7 cos B 


= e cosy + 5 cos ETE = =, COS YY’ ’) cos 63 


and when we subtract these equations, attending to the formule in Lemma I. 
we find 


dm dt_ df d¢ de ae ; dé dy 
de ay = (ae = gy) coset (ais — Gz) eos + (Fe — da’ ii) 8" 
or simply, 
x =x’ cosa+ y’ cosa’ + 2’ cos a’, 
which is the first of formule (p). And in like manner the others may be proved. 
The same things will obviously hold with respect to quantities derived from 
x, Y, z in the same way that these are derived from ¢, y, ¢. That is, if we put 
_dy dz nd dx _dx dy 
‘~dz dy 1 des. a” A = dy dx’ 
and then suppose the axes of coordinates to be changed, the formule for the 
transformation of the quantities x, y, z, will be similar to those for the trans- 
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formation of the coordinates themselves. The like will be true of the quantities 
X,» Y,» Z,» if we put 


dy seta panies, GS, wae, de 
Lo Diake To Umen yaaa antag Wag 7 a 
and so on successively. 

It is to be observed that, in this Lemma, the displacement is not limited by 
any restriction whatever. Each of its components may be any function of the 
coordinates. But the displacements produced by a system of plane waves are 
restricted by our definition of such waves; they must be the same for all par- 
ticles situated in the same wave-plane. If the waves be parallel, for instance, to 
the plane of 2’ y’, the quantities ’, »/, ¢ will be independent of the coordinates 
a’, y’, and will be functions of z only. This consideration reduces formule (p) 
to the following, 


_ oy dE oc af 

X= 77 COS a — TF cos a’, 

__ dy dé 

¥ = Gy 8B — 77 00s B; (E) 
Sd wet? 


in which it is remarkable that the normal displacement ¢’ does not appear. If 
& = 0, these formule become 


di dy dy 
X= 778% Y= dy °O8 Ps z= Fo cosy; (F) 
or if »/ = 0, then we have 
= dé’ 3 ; 
x= — Tz 8” Y= de 8 Bs A a CORY» (¥’) 


Lemma Ill. If, in an ellipsoid whose semiaxes are equal to a, 0, c, there be 
two rectangular diameters, one making with the semiaxes the angles a, p, y, and 
the other the angles a’, p’, 7, such as to satisfy the condition 


cosacosa’ cos cos 


eo et 


cos y cos + 
es = (()) (G) 
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these diameters will be the axes of the ellipse in which their plane intersects the 
ellipsoid. 

For, the above condition expresses that either diameter is parallel to the tan- 
gent plane at the extremity of the other; they are therefore conjugate diameters 
of the elliptic section, and hence, as they are at right angles to each other, they 
must be its axes. 


Je * the equation of 


If the semiaxes of the ellipsoid be represented by * b 


condition will become 
a’ cos a cos a’ + 0° cos B cos fp’ ++ c* cosy cosy’ = 0. (a’) 


Lemma IV. Let s, s’ be the lengths of perpendiculars let fall from the 
centre of an ellipsoid upon any two tangent planes, and 7, 7” the lengths of radii 
drawn to the respective points of contact. Then putting w for the angle between 
the directions of r and s’, and w’ for the angle between the directions of 7’ and s, 
we shall have 

Ts COS wW =7" Ss’ COS w’. 


For if the semiaxes of the ellipsoid, having their lengths denoted by a, 4, c, 
make with the direction of s the angles a, B, y, and with that of s’ the angles 
a’, 6, 7/3 with the direction of r the angles a,, By yY» and with that of r’ the 
angles a, 8, y,; there will exist the relations 


@ COS a = TS COS a, b’ cos B = rs cos By, CG” COS ¥ = TS COS Yu 

a’ cos a = 7's’ cos a, b cos B’ = 7’ s’ cos B, ce cos 7 = 7's’ cosy, 
by one set of which the quantity 

a’ cos a cos a’ + b° cos B cos B’ + c? cos y cos %/ 
will be converted into 
rs (cos a, cos a’ +- cos f, cos 6’ + cosy, cos 7) = rs cos w, 
and by the other set into 
7 s’ (cos a, cos a + cos B, cos 6 + cos ¥, cosy) = 1’ 8’ COs w’ ; 


so that we shall get 


7s cos w = 7" s' cos w' = a cosa cos a’ + b cos B cos B’ + c? cosy cos 7’. (4) 


nw 
Or 
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Corollary. When the condition 

a cosa cos a’ + b° cos B cos B’ + c cos y cosy’ = 0 (1) 
is satisfied, each of the angles , w’ isa right angle. Let us suppose, at the 
same time, that the direction of s is perpendicular to that of s’. Then will the 
directions of s and r’ coincide with the axes of the ellipse in which their plane 
intersects the ellipsoid; for s is perpendicular to 7’ and parallel to the tangent 
plane at its extremity. The directions of s’ andr, in the same manner, will 
coincide with the axes of another elliptic section. 


SECT. I1l.—DETERMINATION OF THE FUNCTION ON WHICH THE MOTION DEPENDS. 


PRINCIPAL AXES OF A CRYSTAL. 
- 


We come now to investigate the particular form which must be assigned to 
the function V, in order that the formula (1) may represent the motions of the 
ethereal medium. For this purpose conceive the plane of zy’ to be parallel to 
a system of plane waves whose vibrations are entirely transversal and parallel to 
the axis of y’, so that # =0, ¢’=0. Imagine an elementary parallelepiped 
dx‘dydz’, having its edges parallel to the axes of 2’, y’, 2’, to be described in the 
ether when at rest, and then all its points to move according to the same law as 
the ethereal particles which compose it. The faces of the parallelepiped which 
are perpendicular to the edge dz’ will be shifted, each in its own plane, in a 
direction parallel to the axis of y’, but their displacements will be unequal, and 
will differ by dy, so that the edges connecting their corresponding angles will no 
longer be parallel to the axis of 2’, but will be inclined to it at an angle « whose 


. ay 
tangent 1s —> 


dz” 

Now the function V can only depend upon the directions of the axes of 
x’, y’, 2 with respect to fixed lines in the crystal, and upon the angle «, which 
measures the change of form produced in the parallelepiped by vibration. This 
is the most general supposition which can be made concerning it. Since, how- 
ever, by our second assumption, any one of these directions, suppose that of 2’, 
determines the other two, we may regard V as depending on the angle « and 
on the direction of the axis of 2 alone. But from the equations (F) it is mani- 
fest that the angle « and the angles which the axis of 2’ makes with the fixed 
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axes of 2, y, z, are all known when the quantities x, y, z are known. Conse- 
quently V is a function of x, Y, Z- 

Supposing the angle « to be very small, the quantities x, y, z will also be 
very small; and if V be expanded according to the powers of these quantities, 
we shall have 


Vox+ax-+sy+cz+ px’ + EY’ + FZ + GyZ + HXZ + IXY + ete., 


the quantities K, A, B, C, D, &e., being constant. But in the state of equilibrium 
the value of &V ought to be nothing, in whatever way the position of the system 
be varied; that is to say, when the displacements & », ¢, and consequently 
the quantities x, y, z, are supposed to vanish, the quantity 
6V = aox + Boy + coz + 2Dxex + etc., 

ought also to vanish independently of the variations ¢&, oy, &f, or, which comes 
to the same thing, independently of &x, éy, &z. Hence* we must have a = 0, 
8 = 0, c=O; and therefore, if we neglect terms of the third and higher dimen- 
sions, we may conclude that the variable part of V is a homogeneous function 
of the second degree, containing, in its general form, the squares and products 
of x, Y, Z, with six constant coefficients. 

Of these coefficients, the three which multiply the products of the variables 
may always be made to vanish by changing the directions of the axes of .r, y, <. 
For this is a known property of functions of the second degree, when the coor- 
dinates are the variables; and we have shown, in Lemma IL, that the quantities 
x, Y, Z, are transformed by the very same relations as the coordinates themselves. 
Therefore, in every crystal there exist three rectangular axes, with respect to 
which the function V contains only the squares of x, y, z; and as it will pre- 
sently appear that the coefficients of the squares must all be negative, in order 


that the velocity of propagation may never become imaginary, we may conse- 
quently write, with reference to these axes, 


V=—i@x? Py cz), (2) 
omitting the constant K as having no effect upon the motion. 
The axes of coordinates, in this position, are the principal axes of the crystal, 


* See the reasoning of Lagrange in an analogous case, Mécanique Analytique, tom. i. p. 68. 
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and are commonly known by the name of axes of elasticity. Thus the existence 
of these axes is proved without any hypothesis respecting the arrangement of the 
particles of the medium. The constants a, 6, c are the three principal velocities 
of propagation, as we shall see in the next section. 

Having arrived at the value of V, we may now take it for the starting point 
of our theory, and dismiss the assumptions by which we were conducted to it. 
Supposing therefore, in the first place, that a plane wave passes through a crystal, 
we shall seek the laws of its motion from equations (1) and (2), which contain 
everything that is necessary for the solution of the problem. The laws of 
propagation, as they are called, will in this way be deduced, and they will be 
found to agree exactly, so far as magnitudes are concerned, with those discovered 
by Fresnel; but the direction of the vibrations in a polarised ray will be diffe- 
rent from that assigned by him. In the second place, we shall investigate the con- 
ditions which are fulfilled when light passes out of one medium into another, and 
we shall thus obtain the laws of reflexion and refraction at the surface of a crystal. 


SECT. IV.—PROPAGATION OF LIGHT IN A CRYSTALLIZED MEDIUM.—LAWS OF 
FRESNEL.—ALTERATION REQUIRED TO BE MADE IN THEM.—WAVE-SURFACE, 
INDEX-SURFACE, AND THEIR PROPERTIES. 


The principal axes of the crystal being the axes of a, y, z, we have, by equa- 
tion (2), 

— 6V = a’xéx 4 Byéy + c’zéz, (3) 
or, by taking the variations from formule (c), and interchanging the characte- 
ristics d and 6, 

» (din doe » (dee dé » (dc=e don 
—8V = ax(—!_ 2s pg | (pesto aa ee) BA ey le eocweet 
ax(F ij) ae ae) +eu(F ds) 
and if we substitute this value in equation (1), and then integrate by parts the 
right-hand member, in order to get rid of the differential coefficients of the 
variations, we shall obtain 
RE 2 & a A 
SS dadydz (] 6& + = oy + aS a) — 
Sdydz (c’ zn — b* vex) +S dads (a? xé¢ — c° 28) + YS dady (b° vee — a? xéy) (4) 
Z ody 


+ SB dedyde } (°F — po bé+ (aS _— oe) oy (0 aaa) ee t. 
E2 
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But as the variations &, 6, 8¢ are arbitrary and independent, this equation can- 
not hold unless the double integrals, which relate to the limits of the system, 
reduce themselves to zero, leaving the equality to subsist, independently of the 
variations, between the triple integrals alone. Equating, therefore, the coeffi- 
cients of the corresponding variations in the triple integrals, we get 


ae ° de ° dat a 
i ES » ak 
dé Ya ee dy 


which are the equations of propagation, giving the expression for the accelerating 
force parallel to each axis of coordinates. 

When there is a single medium extending indefinitely on all sides, the 
conditions relative to the limits are of no importance, and we have only to con- 
sider the equations (5), from which we shall now deduce the laws by which a 
system of plane waves is propagated. 

Supposing the waves to be parallel to the plane of 2’ y’, the displacements 
will be functions of 2’ only, and if y be any function of the displacements, we 
shall have, by formule (d’), 

dy _dydz' _ dy , ay _ dy , ay _ dy 


— cosa , 


dx dz dz dz 


so that the equations (5) may be written 


@é _ dz ; » dY 7 
ip ° qe co B —b qe C81» 
dn 2 dx eer naz Beal! 
gpa ag Ty eae S ; 
ae 


dy dx 
— > = & —, cosa’ — a? —, cos B’ 5 
dt dz’ dz‘ ; 


and when we combine these with the following, 
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Pe at dy ae 

de dé cos a + = co sp + dé cos ¥; 

Py ae re 

dd F cosa’ + cos 6 ++ 7 C08 7/, 

ae —— a’ ce: a’ = nf! 

Te = Fp cose! + Tp os + FE cos 

attending to the relations (8), (B’), we find 

Pe ,dx ; , dy 5 dz ; 
7 ae (« qy 084 +5 iz cos 8 + c¢ re cos 7’), 
Gy dx , dy gle Ne a 
=" a cosa +b qe CB +e os 
Lage 
Gi as 


from which it appears that there is no accelerating force in the direction of a 
normal* to the wave, and consequently no vibration in that direction. Introdu- 
cing now the values of x, y, z from formule (£), the first two of these equations 
become 


~ = (a? cos °a’ + b cos *B’ + ec? cos *7’) = 


dt 

re —(a’ cos a cos a’ +b cos B cos f + c? cnr om) 

sf (6) 
a = (a@ cos*a + b’ cos *B + c° cos 2) a 


Qe 


d 
—(a® cosa cos a’ + 6? cos B cos fp’ +c’ cos + cos 7 ) — 


But as the axes of 2’, y’ are arbitrarily taken in the plane of 2’ y’, we may 
subject their directions to the condition 


@ cosa cos a’ + b? cos B cos 8’ + c* cosy cosy’ = 0; (7) 


* In the ingenious, but altogether unsatisfactory theory, by which Fresnel has endeavoured to 
account for his beautiful laws, the direction of the elastic force brought into play by the displace- 
ments of the ethereal molecules is, in general, inclined to the plane of the wave. He supposes, 
however, that the force normal to that plane does not produce any appreciable effect, by reason of 
the great resistance which the ether offers to compression.—Mémoires de l'Institut, tom. vii. p. 78. 
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and then, if we put 


8 = a’? cos 2a + 6’ cos *B + c* cos *y, (8) 
s? = & cos?a’ +b? cos *B’ + ¢* cos *y’, 


the equations (6) will be reduced to the well-known form 


es as 


de—* de® dé — * dz* (9) 

This result shows that, when the directions of 2’ and 7’ fulfil the condition 
(7), the vibrations é and / are propagated independently of each other, the 
former with the velocity s’, the latter with the velocity s. The vibrations must 
therefore be parallel exclusively to one or other of these directions, else the 
system of waves will split into two systems, one vibrating parallel to x’, the other 
parallel to 7/’. 

When the plane of the wave is parallel to one of the principal axes, it is easy 
to infer that the vibrations must be either parallel or perpendicular to that axis, 
and that, in the latter case, the velocity of propagation is constant, being equal 
to a, b, or ce, according as the wave is parallel to the axis of z, y, or z. These 
constants are therefore called the principal velocities of propagation ; and we 
now perceive the reason of the negative sign in equation (2), for if any of the 
terms in the right-hand member of that equation were positive, the corres- 
ponding velocity would be imaginary. 

According to Fresnel, the wave which is propagated with the velocity a has 
its vibrations not perpendicular to the axis of a, but parallel to it; and it is to be 
observed that a difference of the same character distinguishes his views, through- 
out, from the results of the present theory. It will appear in fact, by what im- 
mediately follows, that the equations (7), (8), (9), express exactly the laws of 
Fresnel, provided the quantities & and 7’, in the equations (9), be interchanged. 
To make these laws agree with our theory, it is therefore necessary to alter them in 
one particular, and in one only ; it is necessary to suppose that the direction of 
the vibrations is always perpendicular to that assigned by Fresnel. And since, 
in order to make his views agree with the phenomena, Fresnel was obliged to 
say that, in an ordinary medium, the vibrations of a ray polarised in a certain 
plane are perpendicular to that plane, it is clear that, on the present principles, 
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we must come to a different conclusion, and say that the vibrations of a polarised 
ray are parallel to its plane of polarisation. 

Conceive an ellipsoid with its centre at O, the common origin of the coordi- 
nates 7, y, 2, 2’, 7’, 2’; and let its semiaxes be parallel to x, y, 2; their lengths 


being equal to 4 > i respectively. From the identity of the condition (7) 
abc 


with that marked (¢’) in Lemma IIL, it is evident that the directions of 2’ and y/, 
when they are the two directions of vibration, coincide with the axes of the 
ellipse in which the plane of «’y' intersects the ellipsoid; yy 
and if the right line OR, meeting the ellipsoid in R, be the 
direction of 2’, we have 
Ss 
ae = a’ cos’a + Lb? cos’B +c? cosy, 
or, by (8), 
i 
OR 
so that OR is the reciprocal of the velocity with which the vibrations parallel to 
y are propagated. Thus we see that the vibrations parallel to either semiaxis of 
the elliptic section are propagated with a velocity which is measured by the 
reciprocal of the other semiaxis. 
Again, conceive an ellipsoid with its centre at O, and its semiaxes parallel to 
L, Ys 2, as before, but equal to a, b, ¢ respectively. Let this ellipsoid be touched 
in the point Q by a plane which cuts OR perpendicularly in P, and draw the 
right lines OQ, PQ. Then as the condition (7) is identical with that marked 
(1) in the corollary to Lemma IV., it follows that Oy’ (if we so call the direction 
of y’) is perpendicular to OQ, and also that Oy’ and OQ coincide with the axes 
of the elliptic section made in this ellipsoid by the plane QOy’, just as Oy’ and 
OR coincide with the axes of the section ROv/ in the first ellipsoid. The plane 


QOR is therefore perpendicular to Or/ and to the plane of the wave. More- 
over, we have 


= Ss 


(OP) = @ cos*a + 6’ cos’B + ¢? cos’y = 8’, 
so that OP is the reciprocal of OR, and is equal to the velocity s with which 
the wave is propagated when its vibrations are parallel to Oy/. 
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Now let the figure TOSM be equal in all respects to QOPR, but in a posi- 
tion perpendicular to it, so that if QOPR were turned round in its own plane 
through a right angle, the point O being fixed, the points Q, P, R would fall 
upon T, S, M respectively ; and supposing the wave-plane ROy/’ to take various 
positions passing through O, imagine a construction similar to the preceding one 
to be always made by means of the two ellipsoids. Then while the points R and 
Q describe the ellipsoids, the points M and T describe two biaxal* surfaces 
reciprocal to each other, the latter surface being touched} in the point T by a 
plane which cuts OM perpendicularly in 8S. But this plane is parallel to the 
central wave-plane ROv/, and distant from it by an interval OS (= OP) which 
represents the velocity of the wave ; and as the surface whose tangent planes 
possess this property is, by definition, the wave-surface of the crystal, it is obvious 
that the point T describes the wave-surface. The radius OT, drawn to the 
point of contact, is then, by the theory of waves, the direction of the ray which 
belongs to the wave ROv’, and the length OT represents the velocity of light 
along the ray. As to the surface described by the point M, it is that which I 
have called the surface of indices, or the index-surface,§ because its radius OM, 
being the reciprocal of OS, represents the index of refraction, or the ratio of the 
sine of the angle of incidence to the sine of the angle of refraction, when the 
wave RQOy’, to which OM is perpendicular, is supposed to have passed into 
the crystal out of an ordinary medium in which the velocity of propagation is 
unity. The angles of incidence and refraction are understood to be the angles 
which the incident and refracted waves respectively make with the refracting 
surface of the crystal. 

The wave-surface and the index-surface have the same geometrical proper- 
ties, since they are both biaxal surfaces. Let us consider the former, which is 
generated by the ellipsoid whose semiaxes are a, b, c; and let us conceive this 
ellipsoid to be intersected by a concentric sphere of which the radius is 7. 
Then the equations of the ellipsoid and the sphere being respectively 

Sap 1, Gi Usha 
c r 

* See Transactions of the Royal Irish Academy, vol. xvii. p. 244. 

T Ibid. vol. xvi. p. 68. 

§ Ibid, vol. xviii. p. 38. I had previously called it the sufuce of refraction, vol. xvii. p. 252. 
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we get, by subtracting the one from the other, 

225402 440-320 “00 
for the equation of the cone A which has its vertex at O, and passes through the 
curve of intersection. If OQ be equal to 7, it will be a side of this cone; and a 
plane touching the cone along OQ will make in the ellipsoid a section of which 
OQ will be a semiaxis; so that OT will be perpendicular to that plane, and 
equal in length tor. Therefore, as OQ describes the cone A, the right line OT 
describes another cone B reciprocal to A, and the point T describes the curve in 
which the wave-surface is intersected by the sphere above-mentioned ; this curve 
being a spherical ellipse, reciprocal to that which the point Q describes on the 
surface of the ellipsoid. The equation of the cone B is found from that of A, 
by changing the coefficients of the squares of the variables into their reciprocals, 
and is therefore 


Se 0 (11) 


which, of course, is also the equation of the wave-surface, if 7 be supposed to be 
the radius drawn from O to the point whose coordinates are x, y, z. Combining 
this equation with that of the sphere, we have 


Wi 
po = ap 


bl Bae sie es 12 
at maple eee cas (12) 


which represents a hyperboloid passing through the common intersection of the 
sphere, the cone B, and the wave-surface. 

Since the differences between the coefficients of the squares of the variables 
in the equation (10) are the same as the corresponding differences in the equation 
of the ellipsoid, the cone A has its planes of circular section coincident with those 
of the ellipsoid. The cone B, being reciprocal to A, has therefore its focal lines 
perpendicular to the circular sections of the ellipsoid. These focal lines are con- 
sequently the nodal diameters* of the wave-surface, that is, the diameters which 
pass through the points where the two sheets of that surface intersect each other. 

If the direction of OT cut the other sheet of the wave-surface in T’, and if 


* Tbid, vol. xvii. p. 247. 
VOL. XXI. F 
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two radii of constant lengths, equal to OT and OT’ respectively, revolve within 
the surface, the cones B and B’ described by these radii will intersect each other 
at right angles, since they have the same focal lines. And supposing the axis of 
y to be the mean axis of the ellipsoid, so that the nodal diameters lie in the plane 
of xz, the axis of x will lie within one of the cones, as B, and the axis of z within 
the other cone B’. Now the angle contained by the two sides of either cone, 
which lie in the plane of wz, is given by the angles @ and 6’ which the direction 
of the right line OTT’ makes with the nodal diameters; because the angles 
which any side of a cone makes with its focal lines have a constant sum, or a 
constant difference, according to the way in which they are reckoned. But if the 
angles @ and 6’ be reckoned (as they may be) so that their sum shall be equal to 
the angle contained by the two sides of the cone B which are in the plane of az, 
their difference will be equal to the angle contained by the two sides of the cone 
B’ which are in the same plane; the contained angle, in each case, being that 
which is bisected by the axis of x. Therefore, the lengths OT and OT’, which 
we denote by 7 and 7’, are equal to two radii of the ellipse whose equation is 


these radii making with the axis of z the angles $(@+ 6’) and $(@ — @’) respec- 
tively. Hence 


1__sin?}(0-+-6') , cosh(0+ 0) 71 1 nie 1 : 
Fic mama 1s se iy anal ae aa omnes oC "de 
1 _sim*t(0— 0) _, cos't(0— 6’), lela ae 1 : 

Bo ge nt cs eae Ge 


These formule give the two velocities of propagation along a ray which makes 
the angles 0, 6’ with the nodal diameters. Subtracting them, we have 


1 1 ] 1 
—— ee ] 1 to 14 
i a (— =) sin @ sin @ (14) 


All the preceding equations, relative to the wave-surface, may be transferred 
to the index-surface, by changing the quantities a, b, ¢ into their reciprocals. 
For example, if the normal to a wave make the angles @,, 0, with the nodal dia- 
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meters of the index-surface, the formule (13) give 


% = h(a? +c’) —}(@ —c’) cos (6, + 4), (15) 
s? = (a +c’) —4(a@ — ©’) cos (0, — 4) 5 


observing that s and s’, the two normal velocities of propagation, are the recipro- 
cals of the radii of this surface which coincide with the wave-normal. Subtracting 
these expressions, we get 


s’ — s° = (a* — c’) sin 8, sin 6,. (16) 


As the position of the tangent plane, at any point T of a biaxal surface, de- 
pends on the position of the axes of the section QOy’ made in the generating 
ellipsoid by a plane perpendicular to OT, it is obvious that when this section is 
a circle, that is, when the point T is a node of the surface, the position of the 
tangent plane is indeterminate, like that of the axes of the section; and it is easy 
to show that the cone which that plane touches in all its positions is of the second 
order. Again, when the section ROy’ of the reciprocal ellipsoid is a circle, the 
right line OS is given both in position and length; and the tangent plane, 
which cuts OS in §, is fixed; but the point of contact T is not fixed, since the 
semiaxis OR, to which the right line ST is parallel, may be any radius of the 
circle ROy’. In this case, the pomt T describes a curve in the tangent plane, 
and this curve is found to be a circle. But both these cases have been fully 
discussed elsewhere.* 


SECT. V.—CONDITIONS TO BE SATISFIED WHEN LIGHT PASSES OUT OF ONE 
MEDIUM INTO ANOTHER.—REMARKABLE CIRCUMSTANCE CONNECTED WITH 
THEM.—RELATIONS AMONG THE TRANSVERSALS OF THE INCIDENT, RE- 
FLECTED, AND REFRACTED RAYS. 


Now let light pass out of one medium into another, suppose out of an ordi- 
nary into a doubly refracting medium; and taking the origin of rectangular 
coordinates .7,, yy, z, at a point O on the surface which separates the two media, 
let this surface be the plane of 2, y,. Then if the components of the displace- 
ment of a particle whose initial coordinates are 25, %) 2) be denoted by &, 1» €) 


* Ibid. vol. xvii. pp. 245, 260. 
F 2 
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when the particle is in the first medium, and by &/, mj, ¢{/ when it is in the 
second, the equation (1), adapted to the present case, will be 


0 dng 0 aes wa Pn, 0 sidst (au 
(Sdrady dey Teves + Man, + = az ) +4 SSdndydz, (< 8 + ey mi! +E 8E,! ) 
= WWGdaydy,dz,dV’ + \\Sda,dy,dz,dV" ; (17) 


wherein 6V’ and éV” are the respective values of €V for the two media, which 
are conceived to extend indefinitely on each side of the plane of x, y,; that plane 
being an upper limit of the integrations relative to one medium, and a lower 
limit of the integrations relative to the other. Each medium is conceived to be 
occupied by systems of plane waves, the first by incident and reflected waves, the 
second by refracted waves; and, except where they are bounded by the plane of 
Ty) Yo these waves are regarded as unlimited in extent. 
For the ordinary medium, if we put 
XA Oty Eo Yo kG ae Li 
Fa Ua * at Ga ieeae te Pi ens aren, 


and suppose the velocity of propagation to be unity, we have* 


Save a(R de a ee =) i (Ge ony, 


dz,  dy,/ dx, dx, 


For the crystallized medium, if its principal axes be those of 2, y, z, the 
value of 6V” will be the same as that of 6V in formula (3); but instead of the 
variations of é, 7, ¢, we must use those of &’, 7/’, ¢;’. Denoting the cosines of the 
angles which the principal axes respectively make with the axis of x, by /, m, 
with the axis of y, by l’,m’,n’; with the axis of z, by /’, m”, n”’; and putting 


Sr OG Oe a een, ee 

x, = 5 = ) = ’ 

a dz, dy 0 dx, dz, dy, dx, 

, deni’ dae pon! iG paBE S205, na Oba dono, 


x 2 
d dz, dy,” pees Y dy, dx, 


? 


* It is assumed here, and in what follows, that when there are two or more coexisting waves in 
a given medium, the form of the function V is the same as for a single wave, provided the displace- 
ments which enter into the function be the resultants of the displacements due to each wave sepa- 
rately. This, however, ought evidently to be the case, in order that the principle of the superposi- 
tion of vibrations may hold good. 
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we have 
x= = lexi’ + Veyi’ a USz' aa 


4o,,4/ Mott 


éy = mbox, + m’ey, + m’oz/,, 
OZ =inbxX, a n bY at ot nex) ‘i 


These expressions for 6x, éy, 62 having been written in formula (3), the 
resulting value of 6V’, as well as the above value of 6V’, is to be substituted in 
the equation (17), and then the right-hand member of that equation is to be in- 
tegrated by parts, in order to get rid of the differential coefficients of the varia- 
tions. When this operation is performed, the triple integrals on one side of the 
equation will be equal to those on the other; and by equating the coefficients 
of the corresponding variations in each medium, we should get the laws of pro- 
pagation in each. But we are not now considering these laws, and we need only 
attend to the double integrals produced by the operation aforesaid. The double 
integrals are together equal to zero; but we are concerned only with that part of 
them which relates to the common limit of the media, the plane of x, y,; and 
this part must be separately equal to zero, since the conditions to be fulfilled at 
the plane of 2, y, are independent of any thing that might take place at other 
limiting surfaces, if such were supposed to exist. Collecting therefore the 
terms produced by integrating with respect to 2, and observing that a negative 
sign must be interposed between those which belong to different media, we get 


Sidr, dy, (x; & — x, ey) — Gda, dy, (Q0&,’ — Pey,’) = 0, (18) 
where 

p=a@lx + b’my +c’nz, gealx + bmy + cn'z. (19) 
In each of these equations it is understood that z,= 0. But when z, = 0, we 
have obviously 

& = 6 No = 0's (20) 
and therefore 
Le = (Ee On == 0N,s 

so that the equation (18) becomes 


Wade, dy, {(¥, — a) 6&, — (x; — P) &y)} = 0, 
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which, as the variations dé’ and dj, are arbitrary and independent, is equivalent 
to the two equations 


’ 7 


5 ehh Yo i=sOr (21) 


Thus, to find the relations which subsist among the vibrations incident, 
reflected, and refracted, at the common surface of two media, we have four con- 
ditions, expressed by the equations (20) and (21) ; and these conditions are 
sufficient to determine the reflected and refracted vibrations, when the incident 
vibration is given. But though, by the nature of the question, four conditions 
only are required for its solution, there. remains another condition which ought 
to be satisfied ; for we ought evidently to have 


G = Gs wher Zz, —c- (22) 


This condition is apparently independent of the rest; but it cannot really be 
so, if the preceding theory is consistent with itself. We shall accordingly see, 
in what follows, that the last condition is included in the other four ; which is a 
remarkable circumstance, and a singular confirmation of the theory.* 

As the incident and reflected waves coexist in the first medium, and two sets 
of refracted waves in the second, the resolved displacements, and all the quanti- 
ties which depend upon them, are composed of two parts, due to the coexisting 
waves. Let the point O be, for each set of waves, the origin of a system of 
rectangular coordinates, which we shall call x,, y,, 2, for the incident, and xj, ¥;, 2 
for the reflected wave, the axes of z, and 2; being perpendicular to the respective 
waves, and their positive directions being those of propagation. Let the displace- 
ments in these waves be parallel to y,, 7, and be denoted by 1, 7, respectively. 
Then if the axes of 2, 4) % make with the axis of 7, the angles a, 6, 7, and 
with the axis of 7; the . ai, Bi, yi) we have, by the formule (F), 


/ / Ln, 
sq + Feoa, vy = Heo s+ Fi cos p. (23) 


* In considering the question of reflexion at the common surface of two ordinary media (Mémoires 
de l'Institut, tom. xi., p. 396), Fresnel assumes the conditions (20); but his other suppositions vio- 
late the condition (22). In fact, this last condition is inconsistent with the supposition that, in a 
polarized ray, the direction of the vibrations is perpendicular to the plane of polarization. See 
the Transactions of the Royal Irish Academy, vol. xviii. p. 32. 
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Again, let the coordinates 2, ¥,, 2, have reference to one set of refracted waves, 
and x, y;, 2, to the other, the axes of z, and 2, being perpendicular to the 
respective waves, and their positive directions being those in which the waves 
are propagated. Suppose the displacements to be parallel to y,, y;, and to be 
denoted by 7, 7; respectively. Then if the axes of x, y,z make with the 
axis of x, the angles a, 8,35 Yo) and with the axis of x, the angles a’,,, 6/., 7 
we have, by the formule (F), 


dn, ON 1 
i COS Go) 

dz, oT ay ee 
dp dip 

eS 2 (2) 
aa 08 Bi») + 47 dz, 08 Bix», 
dn, aS } 

Z = — C08 Yo) + > COS Ya) 
dz, ot den a a 


and thence, by the relations (19), 


dh 
a Tig = (a°l cos a.) + b’m cos B,., + €°N COS Y,.)) 


*Lcos a’,, + bm cos B'.) + ¢7n cos Ys); 


dy: 
i! 


dn, , « ; é 
es a ae COS a, + bm’ cos By, + €°*n' COs ¥,.)) 
= = 


>’ cos ais) + b?m’ cos Bi, + €°n’ COS ¥/2))- 


Suppose the nese which generates the wave-surface of the second medium 
to have its centre at O, and to be touched in the points Q and Q’ by two planes 
which cut the axes of w, and x; perpendicularly in the pomts P and P’; the 
lengths OP and OP” being expressed by s, s’, and the lengths OQ and OQ’ by 
r,r’. Let the axes of 2, y,, 2, make with the direction of OQ the angles 
4) Boy Yo and with the direction of OQ’ the angles a}, 6;, y,. Then, from the 
equation (H) in Lemma IV., it is manifest that 


@1 cos a... + bm cos B,,, + €7n COS Y., = 7S COS a, 
@1c0s a/y) + b’m Cos Bio, + €'n COS 2) = 1's’ COS a, 
al cos a... + b’m’ cos B,, + €’n’ cos Yi.) = 7s COs B,, 
at cos a, + bm’ cos Bio) + c'n' Cos Y/2) = 7's’ cos 8}. 
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Hence, 
dn, am ys ; dn, an ys ; 
P= —rs cosa, + ——;7's cosa Q@=——"7s cos B, + —>r’'s' cos B;. (24 
dz,’ are: Ler ee os dz, Bsr dz; 28) 
The quantities s, s’ are, as appears by the last section, the normal velocities 
with which the two sets of refracted waves are propagated. The velocity with 
which the incident and reflected waves are propagated is taken as unity. There- 
fore, if 7, 7; be the transversals, or amplitudes of vibration in the incident and 
reflected waves, and 7,, 7, the transversals of the refracted waves, the lengths of 
the latter waves being denoted by A,, A;, and the length of an incident or reflected 
wave by A,, and if we put 


d= x7 —atn) & => (- 2+); 
oe 1 (25) 
Qa Oe ere oe ‘ Z 

$. = x (86 — 2+ 2), $2 = x7 (St— a + %)s 
2 2 


where v,, vj, v,, v, are constants, and z is the ratio of the circumference to the 
diameter of a circle, we may write 


M=7,COSH, 1 = 7 COS Hi, fy = 7 COS Hy 7, = 7 COS H). (26) 


By means of these values the formule (23) and (24) become 
iF Qr . 1 riya ‘ 
X= (7, cos a, sin @, + 7; cos a; sin ¢;), 
L 


2 . ' Qecbe nh 
Y= x (7, cos B, sin @, + 7; cos B; sin ¢;), 
- Jp f (27 


rs : tas 3 
P= 27 = T, COS a, SIN @, + yr 7? Cos a, sin $%)> 
A ui 


Ted. 


Q=— 27 = 7, cos B, sin @, ++ so 7, Cos By sin $4). 

The angles ¢, ${, . ¢, are the phases of vibration in the different waves at 
the time ¢. To see how they depend on the coordinates x,, Y» 2, conceive the 
axis of z, to be directed from O towards the interior of the second medium, and 
the axis of x, to lie in the plane of incidence, so that the positive directions of 
2 2» 2, may lie within the angle made by the positive directions of 2, and z,, 
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while the positive direction of z{ lies within the angle made by the positive direc- 
tion of x, and the negative direction of z,. Let 7, be the angle of incidence, and 
i,, 7, the angles of refraction ; then 


Z, = ZS 2, + 2, COS 2, Z, = Z, Sint, — Z, COS2, 
Zy = @, Sint, + 2, COS 2, 2 = 2, sin 1, + Z, cos %. 


(28) 


These values are to be written in the expressions (25). They show that the 
phases, and therefore the displacements, are independent of y,. 

Since the conditions relative to the plane of x, y, must hold at every instant 
of time, and for every point of that plane, the coefficients of ¢, as well as those of 
xy, in the values of the different phases, must be identical; so that we must have 


ua Se 45, sin?,__sin?, __sin2, 
Mi he Ae Sneha, © (29) 
Therefore, when z, = 0, the supposition 
Lv yo (30) 


renders the phases identical, independently of ¢ and ,. And, from the form of 
the equations of condition, it is easy to see that this supposition is necessary ; 
because the equations (20), when the values (26) are substituted in them, contain 
only the cosines of the phases ; and the equations (21), when the values (27) are 
substituted in them, contain only the sines of the phases. Making the latter sub- 
stitution, and attending to the relations just mentioned, we find 


7, COS a, + 7; Cos a = rz, cos a, + 7’7; COs a}, 
7, cos B, + 7; cos B, = 77, cos B, + 7’73 COs 3. 


(31) 


In these equations, the angles by whose cosines each transversal is multi- 
plied are the angles which a plane, passing through the directions of that trans- 
versal and of the corresponding ray, makes with the planes of y, z, and x, 2. 
This is evident with regard to the incident and reflected rays. And if we refer 
to the diagram in the preceding section, it will also be evident with regard to 
the refracted rays ; for OQ is perpendicular to the transversal r,, and to the right 
line OT, which is the direction of the corresponding ray. 

Taking O for the point of incidence, let right lines proceeding from it 
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represent the different rays ; and let the length of each ray, measured from O 
in the direction of propagation, be assumed proportional to the velocity with 
which the light it propagated along it. Through the extremity of each ray con- 
ceive its transversal to be drawn, and let the transversals so drawn have their 
moments taken, with respect to the point O, as if they represented forces applied 
to a rigid body. The length of the incident or reflected ray being considered as 
unity, the lengths of the refracted rays (as appears by the last Section) are r and 
r’ respectively. Hence, as each transversal is perpendicular to its ray, the moments 
of the incident and reflected transversals are proportional to 7, 7;, and the 
moments of the refracted transversals to 77, 77, respectively. The equations (31) 
therefore signify that when the moments are projected, either upon the plane of 
Yo %» Or upon the plane of «, z,, the total projected moments are the same for 
the two media ; or that, if the transversals themselves be projected on either of 
these planes, the moments of the projections of the incident and reflected trans- 
versals are together equal to the moments of the projections of the refracted 
transversals. 

But the second of the equations (31) has another signification. For if the 
transversals applied at the extremities of the refracted rays be projected on the 
plane of a, z,, which is the plane of incidence, and contains the axes of z, and z;, 
the projections will be perpendicular to these axes, since the transversals them- 
selves are perpendicular to them; and the distances of the projections from the 
point O will be proportional to s and s’, or, by the relations (29), to sin 7, and 
sin ?,; so that if @, and 6, be the angles which the transversals make with the 
plane of incidence, the moments of the projections will be represented by 
7,C0s 0, sin 7, and 7; cos 6; sin 7,. At the same time, if 0, and 6; be the angles which the 
incident and reflected transversals make with the plane of incidence, the moments 
of the corresponding projections of these transversals will evidently be repre- 
sented by 7, cos 0, sin 7, and — 7/ cos 6; sin?,; the latter quantity being taken with 
a negative sign, because the extremity of the reflected ray, where the transversal 
7, is applied, lies in the first medium, while the extremities of the incident and 
refracted rays lie in the second, and it is supposed that when any of the angles 
O\ Oi, A, 05 1s zero, the direction of the corresponding transversal makes an acute 
angle with the axis of x, Hence we have 


7, COS 0, sin 7, — 7; Cos 6; sin 7, = 7, cos 0, sin Z, + 74 cos 65 sin 7, ; 
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an equation which expresses that if each transversal be projected upon the axis of 
%» the sum of the projections of the incident and reflected transversals will be 
equal to the sum of the projections of the refracted transversals. Therefore, 
since the phases of the different vibrations are identical when z, = 0, the condi- 
tion (22) is fulfilled, as it ought to be. 

On account of this identity of phases, it follows from the conditions (20) 
and (22), that if the transversals be drawn through the point O, and those which 
belong to each medium be compounded like forces acting at a point, their result- 
ants will be the same ; that is, the resultant of the incident and reflected transversals 
will be the same as the resultant of the refracted transversals. 

Hence, recollecting what has been proved respecting the moments of the 
transversals applied at the extremities of the rays, we have the following theorem : 

Supposing the length of each ray, measured from the point of incidence and 
in the direction of propagation, to be taken proportional to the velocity with 
which the light is propagated along it, andits transversal to be drawn through the 
extremity of this length, the incident and reflected transversals having their proper 
directions, but the refracted transversals having their directions reversed ; if all 
the transversals so drawn be compounded like forces applied to a rigid body, 
their resultant will be a couple, lying in a plane parallel to the plane which sepa- 
rates the two media. 

This theorem affords a complete solution of the question of reflexion and 
refraction.* Expressed analytically it gives five equations, of which four are 
independent. 

To apply the preceding results to a simple case, suppose the second medium, 
as well as the first, to be an ordinary one. We have then only one refracted ray, 
and one refracted transversal 7,. 

1°. When the incident ray is polarized in the plane of incidence, the trans- 
versals are all in that plane; and as they are perpendicular to the rays, and the 


* The same theorem applies to the other case of reflexion and refraction, when a ray which has 
entered the crystal emerges from it into an ordinary medium, undergoing double reflexion at the 
surface where it emerges. In fact, the conditions (20) and (21) hold good whether the ordinary 
medium is the first or the second ; and in the latter case, as well as in the former, it may be shown 
that the condition (22) is fulfilled, and that the theorem above-mentioned is true. 
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refracted transversal is the resultant of the other two, we have evidently 


, sin (2, — 2, Si sin 22, bay 
eee Cras ae D ee) 

2°. When the incident ray is polarized perpendicularly to the plane of inci- 
dence, the transversals are all perpendicular to that plane. Taking 2sin 7, to 
represent the length of the incident or reflected ray, the proportional length of 
the refracted ray is 2sin 2, and the projections of these lengths on the plane of 
Yo%, ave 2 sin z, cos 7, and 2 sin 7, cos 2,, or sin 22, and sin 27,. The transversals 
applied at the extremities of the rays are not altered by being projected on the 
plane of y,2z,; therefore the moments of the incident, reflected, and refracted 
transversals, projected on this plane, are represented by the quantities 7, sin 27,, 
— 7; sin 2z,, and 7, sin 2, respectively. Equating the last moment to the sum of 
the other two, and the refracted transversal to the sum of the other two trans- 
versals, we get 


(7, — 7;) sin 27, = 7, sin 22,, 1 
and thence 
tan (2, — 2,) sin 22 
‘ 1 2 1 ge 
= aay Sey ee 9 — = 7 ALLEN Ess Gan Len 33 
SO canes), 2 = 7 sin (4, + 2,) cos (¢, — 4) 7) 


This case has been considered by Fresnel. The relative magnitudes of the 
incident and reflected transversals, as given by him, are in accordance* with the 
formule (32) and (33); but with respect to the refracted transversals, his results 
do not agree with the formule. 


SECT. VI.—PRESERVATION OF VIS VIVA—THEOREM OF THE POLAR PLANE— 
CONCLUSION. 


Returning to the general question, if we resolve the transversals parallel to 
the axes of a, y, 2, and equate the sums of the parallel components in one 


* There is, however, a difference as to the relative directions of the incident and reflected trans- 
versals, When the second medium is the denser, and the incidence is perpendicular, these trans- 
versals, according to the present theory, have the same direction, but according to Fresnel they 
have opposite directions. 


on 
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medium to the corresponding sums in the other, we get the three conditions 


(7, cos @, + 7; cos 6) cos%, = 7, cos 0, cos 7, + 7; cos 6; cos 24, 
7, sin 6, + 7; sin 6; = 7, sin 6, + 7; sin 6), (34) 
(7, cos 6, — 7; cos 6) sin?, = 7, cos @, sin 7, + 74 cos 6; sin 7, 
A fourth condition is supplied by the first of the equations (31), in which equa- 
tion we have to write 


cos a, = sin 0, cosz, cos a; = — sin 6} cos?,, 
and to substitute similar expressions for cos a,, cos a). 

The right line OQ is perpendicular to the transversal 7, and to the ray OT. 
The cosines of the angles a,, f,, y, may therefore be found by means of the cosines 
of the angles which the transversal and the ray make with the axes of x,, 7, 2,. 

The cosines of the angles which the transversal +, makes with these axes are 
respectively 

cos 6, COS 2,, sin 6,, — cos 6, sin Z,. 


As the plane which passes through the ray and the wave-normal OS is per- 
pendicular to the transversal 7,, this plane makes with the plane of incidence an 
angle equal to 90° + @, or 90° — @,. Let asphere, having its centre at O, be 
intersected in the points S,, T, by the right lines OS, OT, and in the points 
X,, Y,, Z, by the axes of x, y,, z,3 and conceive the points T, and Y, to be at 
the same side of the plane of x, z,, the spherical angle T,S,X, being 90° + @., 
and the spherical angle T,S,Z, being 90° — 6,- Let « be the angle which the 
ray makes with the wave-normal. Then, the angles which the ray makes with 
the axes of coordinates being measured by the arcs T,X,, T,Y,, T,Z,, the cosines 
of these angles respectively are 


sin 7, cos € — sin @, cos 7, sin ¢, cos @, sin e, COS 7, COS € + sin 6, sin ¢, sin e. 
Hence, as the transversal is at right angles to the ray, we have, by Lemmal, 


cos a, = sinZ,sin e + sin 6, cos 7, cos €, cos B, = — cos 6, cos €, ae 
ano . . . v2 
COS Y, = COS 72, SIN € — SiN @, SIN 2, COS €, Gs) 
In like manner, putting e’ for the angle which the other refracted ray makes with 
its wave-normal, we have 
cos a, = sin7,sin e’ + sin 6,cos% cose, cos 6, = — cos 6 cos €, 
COS Y3; = cos 2; sin e& — sin 64 sin 7 cos &’. 


(36) 
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If we substitute, in the first of the equations (31), the values just given for 
COS a,, cos a;, along with the above values of cos a,, cos aj, and attend to the rela- 
tions 


r cose = 5, TECOS Ep = Si, sin?, =s sini, sin?,=s'sin?,, (37) 
we find, after multiplying all the terms of the equation by sin7,, 


(7, sin 0, — 7; sin 6;) sin 7, cos 7, = 


7, (sin @, sin 2, cos 2, + sin’, tan e) + 7; (sin 6; sin 2 cos 2, + sin? 2; tan €’). ) 


Joining this equation to the equations (34) we have all the conditions that are 
necessary for the solution of the question. 

Multiplying the first of the equations (34) by the third, also the second of 
these equations by the equation (38), adding the products together, and then 
dividing by sin 7,, we obtain 


By (7° — Ty) = pp Ty $F pa 72 FMT, To, (39) 
where we have put 


4, = COS2,, H, = $(cos 2, -++ sin 6, sin @, tan €), 
1, = s’ (cos 7, ++ sin 6; sin 2; tan e’ ), 
Msin?, = sin (2, + 2) {cos 0, cos 6; + sin @, sin 6; cos (2, — 2) } 
++ sin 0; sin? 7, tan e + sin 6, sin® 7; tan e’. 


The last expression may be put under the form 


M sin @, sin (7, — #%) = (40) 
sin’ 2, {cos 6, cos 6; + sin 6, sin 6; cos (7, — 7) + sin 6, sin (7, — @;) tan e} 
— sin* #, {cos 0, cos 6; + sin 6, sin 6; cos (7, — 2) — sin 0, sin (7, — @;) tan €’}. 


Let the axes of «,, y,, z, make with the direction of OP the angles a,, B,,. y,, 
and with the direction of OP’ the angles a’, 6’, y,. The cosines of these angles 
may be found from the expressions (35) and (36) by supposing ¢ and ¢’ to vanish. 
Therefore 


cos #,, = sin @, cost, cosf,,—= —cos6,, cosy, = — Sin @, sin 2,, 
cos a, = sin 6, cos %;, cos B,, = — cos 6;, cosy,, = — sin 6; sin %,. 


(41) 
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If w be the angle which OQ makes with OP’, and w’ the angle which OQ’ 
makes with OP, so that 


cos w = cos a, cos a’, + cos B, cos 8, + COs Y2 COS ¥;,5 
/ / 
Cos w’ = cos a, cos a,, + cos 3, cos B,, + COS Y; COS Y,, 


we find, by the formule (35), (36), (41), 


cos w = cose {cos 0, cos 6, + sin 0, sin 6, cos (7, — ¢,) + sin 6, sin (7, — %) tan €}, 
cos w = cos € {cos 6, cos 65 + sin 0, sin 6; cos (7, — %) — sin @, sin (% — 2) tan f. 


Hence, observing the relations (37), we see that the right-hand member of the 
equation (40) is equal to the quantity 


sin? 2, (7s cos w — 7's’ Cos w’). 


But, by the property of the ellipsoid (Lemma IV), this quantity is zero ;* there- 
fore mM = 0, and the equation (39) becomes 
pyr? py MEE a et Ea (42) 
On each ray let a length, representing the velocity with which the light is 
propagated along it, be measured, as before, from the point O. The distances 
of the plane of a, y, from the extremities of these lengths will be proportional to 
the coefficients of the squares of the transversals in the preceding equation. For 
if we take, on the incident or reflected ray, a length equal to unity, its projection 
on the axis of z, will be cos 2, or »,; and if, on the refracted ray OT, we take a 
length equal to r, its projection on the same axis will be 


r (cos 2, cos € + sin @, sin 2, sin €), 


which is equal to ~,. Similarly, the length 7’, assumed on the other retracted 
ray, will have its projection equal to »;. The quantities by which the squares of 
the transversals are multiplied, in the equation (42), are therefore the corres- 
ponding ethereal volumes} which we may conceive to be put in motion by the 
different waves ; and as we suppose the density of the ether to be the same in 


* The equation m = 0 is the same as the equation (vii.) in my former paper.—Transactions 
R.1. A,, vol. xviii. p. 52. 
{ Ibid. p. 48. 
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both media, the equation expresses a principle analogous to that of the preserva- 
tion of vis viva.* 

By giving a certain direction to the incident transversal, that is, by polarising 
the incident ray in a certain plane, we may make one of the refracted rays dis- 
appear. If OT be the ray which remains, we have 7, = 0, and the equations 
(34) and (38) become 


(7, cos 0, + 7; cos 6;) Cos 7, = 7, COS A, COS 22, 
7, sin 0, + 7; sin 6; = 7, sin 65, 
(7, cos 6, — 7; cos 6) sin 7, = 7, COS 0, SIN 245 
(7, sin 6, — 7; sin 6) sin 2, cos 7, = 7, (sin @, sin 2, cos 7, + sin* 2, tan e). 


(43) 


In this case, the three transversals are in the same plane, the refracted transver- 
sal being the resultant of the other two. Therefore if we find this plane, every 
thing will be determined. 
The axes of x,, Y z, make with the incident transversal angles whose cosines 
are 
Cos 0, COs 2,5 sin 6, — cos 0, sin 2, 


and with the reflected transversal angles whose cosines are 
cos 6; cos 2,, sin 6), cos 6; sin 2, ; 


therefore, by Lemma I, the cosines of the angles which these axes make with a 
right line perpendicular to the plane of the transversals are proportional to the 
quantities 


sin (6, -+ 6) sin 2, — cos 6, cos 6; sin 22,, sin (6; — @,) cos %,. 
Now from the product of the first and second of the equations (43), combined 
with the product of the third and fourth, we find, by the help of the relations 
(37), 


27,7; sin (0, + 6;) sin 7, = 7,’tan 7, cos 6, {sin 0, cos?, —s*(sin @,cos?, +sin?, tan €)}. 
From the squares of the first and third of those equations we find 
— 2r, 7; cos 0, cos 6; sin 27, = 7,7 tan 7, cos? 6, (s? — 1), 


* A similar equation of vis viva holds when the light passes out of a crystal into an ordinary 
medium. 


crystalline Reflexion and Refraction. 49 


and from the product of the first and fourth, combined with the product of the 
second and third, 


27,7; sin (6; — @,)cos?,= 7,” tan?,cos 0, { — sin 6, sin 7, + s*(sin 6, sini, —cosi,tane)}. 


In the three equations just found, the left-hand members are proportional, as 
we have seen, to the cosines of the angles which a right line perpendicular to the 
plane of the transversals makes with the axes of coordinates ; and the right-hand 
members, as appears by the formula (35) and (41), are proportional to the quan- 
tities 


COs a cos 6, 


cos 
“ — 1 COS dy, oe 


—T COs B,, — 1 COS ¥.5 


s 
which are obviously the differences between the corresponding coordinates of the 
points R and Q. The plane of the transversals is therefore perpendicular to the 
right line QR, which joins those points. 

A plane parallel to the right line TM, and passing through the transversal 
of the ray OT, is that which I have called the polar plane of the ray ;* and this 
plane is perpendicular to QR. Therefore, when there is only one refracted ray, 
the incident and reflected transversals lie in the polar plane of that ray ; and 
their directions being thus determined, the relative magnitudes of the three 
transversals are known. In this case the incident and reflected transversals are 
called wniradial ; and as each refracted ray in turn may be made to disappear, 
there are two uniradial directions in the plane of the incident wave, and two in 
that of the reflected wave. 

When the incident transversal is not uniradial, it may be considered as the 
resultant of two uniradial transversals, each of which will supply a refracted ray, 
and will produce a uniradial component of the reflected transversal. 

It is needless to extend these deductions further. They have been carried 
far enough to show that the results of the foregoing theory are in perfect accord- 
ance with the laws established in my former paper on the subject of crystalline 
reflexion. The theory itself suggests much matter for consideration ; but at 
present we shall confine ourselves to one remark, which may be necessary to 


* Ibid, p. 39. 
VOL. XXI. H 
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prevent any misconception as to the nature of the foundation on which it stands. 
In this theory, every thing depends on the form of the function V ; and we have 
seen that, when that form is properly assigned, the laws by which crystals act 
upon light are included in the general equation of dynamics. This fact is 
fully proved by the preceding investigations. But the reasoning which has been 
used to account for the form of the function* is indirect, and cannot be regarded 
as sufficient, in a mechanical point of view. It is, however, the only kind of rea- 
soning which we are able to employ, as the constitution of the luminiferous 
medium is entirely unknown. 


* Since this paper was read to the Academy, I have found that the form of the function V is 
more general than it would seem to be from the mode in which it is here deduced ; and I have 
obtained from it a theory of the Total Reflexion of Light. For a sketch of this theory, see the Pro- 
ceedings of the Royal Irish Academy, vol. ii. p. 96. 


III.— On the Dynamics of Earthquakes ; being an Attempt to reduce their 
observed Phenomena to the known Laws of Wave Motion in Solids and 
Fluids. By Rosert Mau.et, Ese., Mem. Ins. C. E., M.R.1I.A., Pres. 
Geol. Soc. Ireland, &c. 


Read 9th F ebruary, 1846. 


Tue present Paper constitutes, so far as I am aware, the first attempt to bring the 
phenomena of the earthquake within the range of exact science, by reducing to 
system the enormous mass of disconnected and often discordant and ill-observed 
facts which the multiplied narratives of earthquakes present, and educing from 
these, by an appeal to the established laws of the higher mechanics, a theory of 
earthquake motion. 

If I shall have in any degree succeeded in this, I must believe that a consider- 
able advance will have been made in one of the most important, but, up to this 
time, one of the most absolutely unsystematized and unscientific regions of phy- 
sical geology. 

If the foundation for such a theory be really laid, it must become the means 
of guiding and directing future observers during earthquakes ; enabling them 
to pass by that which is accidental, and to apply right methods and suitable 
instruments in ascertaining the really important elements of their motions in 
measures of time and space, &c., by which hereafter the narratives of earthquakes, 
ceasing to be merely scrolls written “ with mourning and lamentation and woe,” 
may become systematized records of facts, which a true theory shall render avail- 
able, and in the highest degree valuable, for the advancement of terrestrial 
physics and geology. 

My speculations upon earthquake motion commenced with an attempt to 
unravel and explain a single partial and minute phenomenon occasionally observed 
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in these convulsions, and of which I felt convinced that a false explanation, so far 
as any, had been previously given. 

I have followed, in the subsequent pages, rather the course of my own pro- 
gress than a strictly systematic arrangement, and shall therefore commence with 
the explanation of the phenomenon above alluded to, and which led me to the 
subsequent investigation and results. 

The phenomenon alluded to, is the displacement of the separate stones of 
pedestals or pinnacles, or of other portions of the masonry of buildings, by the 
motion of earthquakes, in such a manner that the part moved presents evidence of 
having been twisted upon its bed round a vertical axis. This has been hitherto 
attempted to be explained by assuming a vorticose motion to occur. The first 
notice I find recorded of such a peculiar motion is in the Philosophical Transac- 
tions, in an account of the earthquake at Boston, in New England, of November 
18th, 1755, communicated by John Hyde, Esq., F. R. 8. He says: ‘* The 
trembling continued about two minutes. Near 100 chimneys are levelled with 
the roofs of the houses, and many more shattered.” ‘Some chimneys, though 
not thrown down, are dislocated or broken several feet from the top, and partly 
turned round, as on a swivel.” ‘‘ Some are shoved to one side horizontally, jut- 
ting over, and just nodding to fall, &c. &c.’”” This author does not seem to have 
been struck with the odd circumstance of the twisting round of the chimneys, 
and offers no explanation. 

The next instance that I have found is in the account of the great earthquake 
of Calabria, in 1783, as recorded by the Royal Academy of Naples, quoted by Mr. 
Lyell, in his Principles of Geology, vol. i. p. 482, 2nd edit. After describing several 
other remarkable phenomena, tending to show the great velocity of the shock, 
such as, that many large stones were found, as it were, shot out of their beds in 
the mortar of buildings, so as to leave a complete cast of themselves in the undis- 
turbed mortar, while, in other instances, the mortar was ground to powder by 
the transit of the stone, he says: ‘Two obelisks” (of which he has given 
figures), ‘placed at the extremities of a magnificent facade in the convent of 
St. Bruno, in a small town called Stephano del Bosco, were observed to have un- 
dergone a movement of a singular kind. The shock which agitated the building 
is described as having been horizontal and vorticose. The pedestal of each 
obelisk remained in its original place, but the separate stones above were turned 
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partially round, and removed sometimes nine inches from their position, without 
falling.” This is all that Lyell says upon the subject ; he contents himself, appa- 
rently, with the vorticose account of the Neapolitan Academy. 


I have found some few other notices of similar phenomena in old books of 
travels; two additional instances, however, will be sufficient. The first will be 
found in the Quarterly Journal of the Royal Institution, in a narrative of the 
earthquake in Chili, of November, 1822, communicated by F. Place, Esq. 

The Church of La Merceda, at Valparaiso, stood with its length north and 
south, built of burned bricks (the houses are built of adobes, or sun-dried 
bricks). “ The church tower, sixty feet high, was levelled.” “ The two side 
walls, full of rents, were left standing, supporting part of the shattered roof, 
but the two end walls were entirely demolished. On each side of the church 
were four massive buttresses, six feet square, of good brick-work; those on the 
western side were thrown down, and broken to pieces, as were two on the 
eastern side. The other two were twisted off from the wall, in a north-easterly 
direction, and left standing.” 

The direction of the shocks was thought to be from the south-west or from 
the north-west. We shall see hereafter evidence, in the twisting of the two 
remaining buttresses, that the former was the real direction of the shocks, and 
that there was no vorticose motion (indeed the very idea of two vortices, with 
centres only a few feet apart, is absurd upon the face of it), but that the twisting 


r 


54 Mr. Matter on the Dynamics of Earthquakes. 


ofthe buttresses is to be accounted for simply bya straight line movement, acting 
in connexion with the attachment of the buttresses at one side to the flank wall 


of the church. 


The last instance I shall quote is from the pages of the able and delightful 
Darwin, in his Journal of a Naturalist’s Voyage.* In describing the effects of the 
great earthquake of March, 1835, upon a building in the town of Conception; 
and, after noticing the evidences of immense velocity in the shock, by which 
the buttresses, projecting from the nave walls of the cathedral had been cut clean 
off close to the wall by their own inertia, while the wall, which was in the line of 
shock, remained standing, he proceeds: ‘* Some square ornaments on the coping 
of these same walls were moved by the earthquake into a diagonal position. A 
similar circumstance was observed after an earthquake at Valparaiso, in Calabria, 
and other places, including some of the ancient Greek temples (for which he 
quotes Arago in I'Institut., 1839, p. 337, and Miers’ Chili, vol. i. p. 392). 
« This twisting displacement,” he proceeds, “ at first appears to indicate a vorti- 
cose movement beneath each point thus affected, but this is highly improbable.” 


* Colonial Library Edition, p. 308. 
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“ May it not,” he adds, “be caused by a tendency in each stone to arrange itself 
in some particular position, with respect to the lines of vibration, in a manner 
somewhat similar to pins on a sheet of paper when shaken ?” 

The sagacity of Darwin shewed him that the vorticose hypothesis was 
improbable, and that in order to its being at all tenable, a separate vortex 
must be admitted for every separate stone found twisted, the axis of rotation 
of the vortex having been coincident with that of the stone. Besides this 
paramount improbability, therefore, a little further reflexion would have led 
either Lyell or Darwin to estimate the inconceivable angular velocity of motion 
at the extremity of the radius of one of these vortices, even if assumed at no 
more than a few hundred feet, necessary, in order that. its velocity within a few 
inches of the centre should be so great as to wrench out of its mortared bed, and 
twist, a block of masonry, by merely its own inertia. 

On lately reading the foregoing passage of Darwin, I was soon led to see 
that the twisting phenomenon observed could be readily accounted for upon the 
established principles of mechanics, without having recourse to either vortices 
or vibrations arranging blocks of many hundred weights after the manner of 
pins on paper, or sand on one of Chladni’s acoustic plates, an explanation which 
appears quite as far from probability as its predecessor. 

I assume nothing more than what is universally admitted,—that during earth- 
quakes a motion of some sort takes place, by which the ground itself, and all 
objects resting upon it, are shaken, or moved back and forwards by an alternate 
horizontal motion, within certain narrow limits, which, for all present evidence to 
the contrary, may be a straight line motion, though possibly variable in direction 
at different and sometimes closely successive times, and the velocity of which is 
sufficient to throw down, or disturb the position of bodies supported by the 
earth, through their own inertia. 

If a stone, whether symmetrical or otherwise, rest upon a given base, and that 
motion be suddenly communicated horizontally to that base in any direction, the 
stone itself will be solicited to move in the same direction. The measure of force 
with which the movement of the base is capable of affecting the stone or other 
incumbent body is equal to the amount of friction of the latter upon its base, 
a function of its weight, which, without the intervention of cement, may be 
from one-fifth to one-tenth of the weight of the body, for cut stone resting on 
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cut stone, but may be increased to any amount by the intervention of cement. 
The stone, however, is possessed of weight, and therefore of inertia, that is to 
say, being at rest, its whole mass cannot be instantly brought into motion by the 
plane on which it rests; and if the amount of adhesion between the stone and its 
bed be less than the inertia due to any given velocity of horizontal movement of 
the bed, the bed will move more or less from under the stone, or the stone will 
appear to move in a contrary direction to that of the motion of its bed. 

Now the inertia of the stone, which is here the resisting force, may be con- 
sidered to act at its centre of gravity. The impelling force is the grasp of the 
stone which its bed holds of it by friction or adhesion, and this may also be re- 
ferred to some one point in the surfaces of contact, which we may call the centre 
of adherence. 

If, then, a stone, or other solid, rest upon a plane which is suddenly moved 
with sufficient velocity to produce motion in the incumbent body, three several 
conditions of motion of the body may occur, according to the respective positions 
of its centre of gravity and of the centre of adherence. 

Ist. The centre of gravity of the body may be at such a height above the 
base that it shall upset by its own inertia. This is the case with houses, towers, 
walls, &c. &c., when they fall by earthquakes, accompanied, however, by disloca- 
tion of their parts. 

2nd. The centre of adherence may be ina point of the base plumb under 
the centre of gravity of the body, or in a vertical plane passing through its 
centre of gravity, and in the direction of motion of the base. 

In this case the stone will appear to move in the opposite direction to that in 
which the base has moved, that is to say, the body may have acquired more or 
less the direction of motion of the base, according as the motion of the latter has 
been of longer or shorter continuance, or less or more rapid; but in so far as the 
movement in opposite directions has taken place, the base in reality has slipped 
from under the body. 

3rd. The centre of adherence may neither be plumb under the centre of gra- 
vity of the body, nor in the plane of motion passing through its centre of gravity, 
but in some point of the base outside the line of its intersection by the plane; in 
which case the effect of the rectilmear motion in the plane of the base will be to 
twist the body round upon its bed, or to move it laterally, and twist it at the 


Mr. Mauuet on the Dynamics of Earthquakes. 5T 


same time, thus converting the rectilinear into a curvilinear motion in space. 
The relative amount of the two compounded motions being dependent upon the 
velocity and time of movement of the base, and upon the perpendicular distance 
measured horizontally at the surface of adherence between the centre of adhe- 
rence and the centre of gravity of the body. 

This latter case is that which appears to have twisted the stones of Calabria’ 
South America, and Greece, and affords, as I feel assured, the true explanation 
of the phenomenon. 

The relations of these forces, which have taken so many words to state cor- 
rectly, might, of course, have been expressed algebraically in three lines, but as 
this would not be universally intelligible, I have preferred the more tedious and 
inelegant statement of words, and, to render the matter quite familiar, have pre- 
pared a model of one of the Calabrian pedestals figured by Mr. Lyell, which will 
exhibit to the eye all the phenomena already adverted to, on communicating by 
the hand a rectilinear horizontal motion to the base.* 

I have now proved that no vorticose motion is requisite to account for the 
twisting of bodies, as observed in earthquakes; that nothing more than a simple 
horizontal rectilinear motion is demanded. But it may be asked, if this motion 
in earthquakes be also an alternate one—if the earth shake both back and for- 
wards—how is it that these and other displaced bodies are not replaced by the 
reverse motion—by the same sort of motion acting in the contrary direction ? 

This question is, I believe, fertile in consequences, and its consideration has 
led me to some further conclusions as to the nature of earthquake motion. After 
looking through a great number of authors on earthquakes I have not been able 
to find one that has endeavoured, far less succeeded, in shaping to himself any 
distinct notion as to what the precise nature of the earthquake movement is. The 
ancients, appealing to their senses, so far as these could guide them, thought 
that it was like the shaking of a sieve, as the word aecpos tells us. The mo- 
derns, in general, are not more exact in their notions; ‘a trembling”’—‘“ a vibra- 
tion’’—“‘ a concussion” —“ a movement,”’ and soforth, are the words we find scat- 
tered through even scientific authors: Michell, Lyell, Darwin, with some others, 
although they obviously have formed no distinct idea on the subject, use the 


*« The model was exhibited to the Academy. 
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word “undulation,” and, in so far, have come nearer to the truth ; for it appears 
to me that the fact that displaced bodies are not occasionally replaced in earth- 
quakes, is conclusive evidence of either one of two things :—either the motion 
is limited to horizontal, direct movement in one or more directions, and, if so, the 
whole mass of the disturbed country must be pushed bodily forward, and remain 
so, of which there is no evidence ; and all bodies must, as the effect of one 
shock, fall in the one direction, and not in opposite directions, which is contrary 
to observed facts : or, on the other hand, if the movement be an alternate, horizon- 
tal motion, as all observations go to prove it is, then the motion in one direction 
must be slower than in the other; or attended with other differences of circum- 
stances; the backward motion must be different from the forward motion, or 
otherwise displaced bodies would be sometimes replaced by the recurrence, in the 
opposite sign, of forces similar and equal to those that first set them in motion : 
but they are not found so replaced. 

Now, of all conceivable alternate motions, the only one that will fulfil the 
requisite conditions observed, namely, that shall move with such an immense 
velocity as to displace bodies by their inertia, or even shear close off great but- 
tresses from the walls they sustained, or project stones out of their beds by iner- 
tia,—that shall have a horizontal, alternate motion, either much quicker in one 
direction than in the other, or different in its effects, and that shall be accompa- 
nied by an upward and downward motion at the same time (a circumstance 
universally described as attendant on earthquakes) ;—the only motion that will 
fulfil these conditions, is the transit of a wave of elastic compression, or of a 
succession of these, in parallel or in intersecting lines, through the solid substance 
and surface of the disturbed country. 

The idea that earthquake motion consists of a wave of some sort is not new, 
although so entirely neglected by the great mass of recent geological authors. 
To the Rev. John Mitchell, M. A., Fellow of Queen’s College, Cambridge, the 
merit of this idea appears to be due. Ina paper communicated to the Royal 
Society, read in 1760,* he treats at length of the origin and phenomena of 
earthquakes, and distinctly enunciates the following views : 

That the motion of the earth is due to a wave propagated along its surface 


* Phil. Trans. vol. li, part 2. 
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from a point where it has been produced by an original impulse. ‘This impulse 
he conceives to arise from the sudden production or condensation of aqueous 
vapour, under the bed of the ocean, by the agency of volcanic heat, the supposed 
mechanism of which he minutely describes. He supposes the crust of the earth 
either to float on liquid matter, so that undulations would be easily propagated 
through the former, or to float upon vast pent-up receptacles of aqueous vapour ; 
and he proceeds: *‘ As a small quantity of vapour, almost instantly generated at 
some considerable depth below the surface of the earth, will produce a vibratory 
motion, so a very large quantity (whether it be generated almost instantly or in 
any small portion of time) will produce a wave-like motion. The manner in 
which this wave-like motion will be propagated may, in some measure, be repre- 
sented by the following experiment. Suppose a large cloth or carpet (spread 
upon a floor) to be raised at one edge, and then suddenly brought down again 
to the floor, the air under it being, by this means, propelled, will pass along till it 
escapes at the opposite side, raising the cloth in a wave all the way as it goes. 
In like manner, a large quantity of vapour may be conceived to raise the earth 
in a wave, as it passes along between the strata, which it may easily separate in 
an horizontal direction, there being little or no cohesion between one stratum and 
another.” His views, at length, may be found in his paper in the Phil. Trans. 
vol. li. sec. 58, &c. &e. 

Michell wholly mistook the nature of the wave itself; and the existence of 
such a wave as he assumes is totally inconsistent with the phenomena of earthquake 
motion, as recorded by himself and others; and the mechanism which he imagines 
to account for the origin of his wave, and its propagation through the floating 
crust, is inconsistent with the conditions essential to that order of wave which 
the ascertained phenomena of earthquakes shew to be the true one. 

Michell also states, that the great waves of the sea, which frequently succeed 
the shock of earthquakes, and roll to shore at an enormous height and velocity, 
are due to the same cause, namely, an undulation given to the ocean water, at a 
point directly above that at which the primary terrestrial undulation takes place. 
He considers that the greater earthquakes have their centre of effort generally, 
if not always, under the ocean, and proposes to determine the position of this 
centre, in any case, by observation of the direction of these great waves, and the 
times at which they reach several distant shores, illustrating his view by such a 

12 


60 Mr. Matter on the Dynamics of Earthquakes. 


calculation respecting the waves that rolled upon the shores of Europe, Great 
Britain, Madeira, and the West Indies, &c., at the great Lisbon earthquake in 
1755. 

He finds that these waves, if produced at a point indicated by their respective 
directions of motion, and situated some thirty leagues or so at sea, about midway 
between Oporto and Lisbon, must have diverged thence with very different velo- 
cities, to have reached these several shores at the observed times; and this he 
accounts for by asserting that ‘the true reason of this disproportion in the velo- 
city of the waves seems to be in the difference of the depth of water through 
which they had passed ;”” those moving most rapidly which passed over the deep 
ocean, and those most slowly that entered the shallower seas or estuaries. 

The latter conclusion shows the highest acumen in the author, writing at a 
time when the laws of tidal waves were so ill understood, and had engaged so 
little attention. 

To return to the question, why are displaced bodies (such as the stones of 
the Calabrian obelisks) not replaced, more or less completely, by the back stroke, 
or return motion, of the wave ? 

Starting from the proposition that earthquake motion consists in the transit of 
an elastic wave, or a succession of these, through the solid crust of the globe, pro- 
duced by any original impulse, which may be either percussive, as when vast masses 
of rock suddenly give way, and are broken up by the pressure of elastic or liquid 
matter from below, or such as operates (if it were possible, as Michell assumes) 
when vast cavities, filled with high-pressure steam, or water in an incandescent 
state, are broken up, and the steam instantly condensed, and its place supplied with 
cold water, producing a shock, such as we observe on a minute scale when steam 
is blown from a pipe into cold water; or of the nature of that called into action 
when masses of material, resisting the ventage of volcanoes, are at last blown 
away, and produce a mighty recoil by the explosion, as in the case recorded by 
Humboldt, of a mass of rock weighing above two hundred tons, which was shot 
from the crater of Cotopaxi to a distance of nine miles; which of these, or what 
other sufficient cause, whether existing in nature or not, may be assigned for the 
original impulse, it is unnecessary for us here to consider: only let an impulse of 
some sort be granted, and we are to follow out its consequences according to the 
known laws of waves or pulses in zriform, liquid, and solid bodies. 
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First, then, the original impulse may either be on land, as in a volcanic 
region, situated in the heart of a great continent or island, or it may be beneath 
the bed of the ocean. The former case is that of South America, where, in the 
voleanic region of the Andes, earthquakes are of almost daily occurrence, most 
of them, however, not of great power or extent. 

The latter case seems to be that, which almost universally belongs to great 
earthquakes; their origin is beneath the ocean, and that this should be so is probable 
when we consider that the force and extent of the shock must depend upon the 
resistance overcome by the original impulse, which will probably be always far 
greater when the crust of the earth is ruptured beneath the deep ocean, and un- 
der its profound masses of deposited materials, than on elevated land, where the 
already formed continents are provided with safety valves in the acting volcanoes. 

Now, when the original impulse comes from the land, an elastic wave is pro- 
pagated through the solid crust of the earth and through the air, and transmitted 
from the former to the ocean water, where the wave is finally spent and lost. 

When, on the other hand, the original impulse comes from the bed of the deep 
ocean, three sorts of waves are formed and propagated simultaneously, namely, one, 
or several successively through the land, which constitutes the true earthquake 
shock or shocks ; and coincident with, and answering to every one of these, one 
or more waves are formed and propagated through the air, which produce the 
sound like the bellowing of oxen, the rolling of waggons, or of distant thunder, 
accompanying the shock ; and a third wave is formed and propagated upon the 
surface of the ocean, which rolls in to land, and reaches it long after the shock 
or wave, through the solid earth, has arrived and spent itself. 

The plan, or horizontal outline of each of these waves, will be more or less 
circular or elliptical at first, according as the origin or centre of disturbance is 
at a single point, or along a line of impulse more or less regular, and the crests 
of the earthquake waves of every order of which we are about to speak, or, as 
they may be called, the earthquake cotidal dines, will, in their progress of pro- 
pagation through the earth and sea, alter their curvilinear forms, by changes in 
their respective velocities, becoming more and more distorted from the original 
form ; but, in every case, these cotidal lines will form closed figures. This will 
be evidenced to the eye by reference to our diagram of earthquake cotidal lines, 
(see Plate I.), the theory of which will be further explained hereafter, 
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This is but a very incomplete sketch, however, of what takes place ; for, 
besides the wave analogous to a tidal wave produced and propagated on the sur- 
face of the ocean, a second wave (of sound namely) will be propagated through 
the mass of the ocean water likewise, with a velocity far greater than the former, 
and will reach the land, and be heard there as a sound long before the great sur- 
face wave will have rolled in. The terrestrial sound wave is isochronous with 
the great elastic wave or earth wave of shock. 

Referring to the internal mechanism of a fluid wave, as experimentally 
observed by the Webers,* (see Plate II. Fig. 1), it is not yet known that pre- 
cisely analogous motions take place amongst the particles of solids within their 
limits of elasticity, when transmitting a wave of the first order; but it seems 
highly probably that there is a close analogy in the motions of the particles in 
both cases, so that the particles of a table land of solid rock, transmitting an 
elastic wave, or earthquake shock, from a distant primary impulse, do, in all pro- 
bability, describe similar elliptic curves to those of a watery wave, and varying in 
the same way with respect to depth, though much smaller, because withheld 
within the elastic limits due to the particular rocky mass or masses, and trans- 
mitted also with inconceivably greater velocity. This, however, is certain, that 
the swrface of the solid earth does undulate ; it has been repeatedly observed to 
do so. The transit of the wave along the surface, even, has been observed, as 
in the great earthquake of Jamaica, in 1692: hence, it is certain that any par- 
ticle upon the surface of the earth, under such circumstances, must describe 
either a circle or an ellipse, most probably the latter, whether those within the 
mass of the undulating land do so or not. 

Difficult as it may seem at first to reconcile to our common notions of solid 
bodies, that such internal motions should pass through them, causing compression 
or even intermobility of their particles within their elastic limits, yet, through 
large measurable spaces, and with immense velocity, such motions are, in fact, 
before us constantly: the vibrations of the air of a drawing-room shake the solid 
walls of the house, when a tune is played upon a piano-forte, or otherwise the 
tune could not be heard in an adjoining house. Captain Kater found that he 
could not perform his experiments upon the length of the second’s pendulum any 


* Wellenlehre, auf experimente gedriindet. 
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where in London, for that the solid ground every where vibrated by the rolling 
of carriages, &c. 

Captain Denman, R.N., found by experiment that the vibration of the 
ground, produced by the passage of an ordinary goods train upon a railway, 
extended laterally more than eleven hundred feet from the line, in marshy 
ground, over sandstone. He also discovered (what is very interesting as respects 
our question) that the vibration only extended about one hundred feet vertically, 
when tried above a tunnel in sandstone rock. Houses and towers rock with the 
wind; Salisbury spire moves to and fro in a gale more than three inches from 
a plumb line. Tall chimney stalks of manufactories, when first built, will 
vibrate four or five inches, by a man merely rocking himself backwards and 
forwards upon the top, and various other instances might be cited. In all these 
cases, however great the aggregate motion of the whole vibrating body, there is 
no breach of continuity of its particles while ever they oscillate within its specific 
elastic limits. 

In the collieries of the thick seam coal in the north of England the fire clay 
and sandstone roof is supported by temporary props of timber during the cutting 
out of the pillars of coal, and finally these props are withdrawn when large areas 
have been wholly exhausted of coal. The roof is then suffered to drop down, 
and the whole supereminent mass, up to the surface, often consisting of a thou- 
sand feet in depth of strata of shale, sandstone, coal, &c., becomes fractured, breaks 
down, and subsides upon the floor of the former coal seam. The fracture and 
subsidation of these colossal masses is not only attended with the most awful 
noises underground and at the surface, but with shocks felt in the neighbourhood, 
which precisely resemble earthquake shocks, though less violent. A powerful 
blow produces quite similar effects upon the solid mass of the earth. At the 
latter end of last century, one or more of the great vertical and impost stones 
of Stonehenge suddenly fell down: the concussion produced a wave, which was 
transmitted around in every direction, like that upona pool of water into whicha 
pebble has been dropped, and the shock felt in all the neighbouring hamlets was 
so great that for some time, until the cause was discovered, it was thought to have 
been an earthquake, as in fact it was, though not produced by natural causes. So 
also when the great Spanish powder magazine, said to have contained 1500 barrels, 
was blown up, near Corunna, at the conclusion of Sir John Moore’s retreat, I 
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have been told by officers who were present that the ground rocked sensibly 
for miles away, and the wave was felt at a distance before the sound of the 
explosion was heard. 

We are now in a position to return and explain why a body displaced, as the 
stones of the Calabrian obelisks, is not replaced, in an earthquake. 

The centre of gravity of the stone, and therefore the stone itself, in accord- 
ance with the principles we have laid down, describes an ellipse in space, and, 
from the specific elasticity of almost all rocky solids, forming the earth’s crust, 
this will be an ellipse of great eccentricity; the horizontal major axis may be, 
perhaps, a few feet; the minor vertical axis is but a few inches, or the fraction 
of an inch, because the form of the waye is very low and flat, its amplitude 
great, and its velocity immense. Now the horizontal velocity of the centre of 
gravity will be greatest at the top and bottom of the ellipse; but when approach- 
ing the top, the inertia of the mass assists in holding it fast to its bed; while on 
the back stroke, or when the centre of gravity is returning to the bottom of the 
ellipse, the inertia of the mass acts in freeing it from the friction or adhesion of 
its bed, and the mass readily becomes shifted upon it. Thus the conjoint effect 
of the upward, downward, and horizontal motion of the mass, combined with its 
inertia, is such that it is not moved from its bed by the forward motion of the 
wave, but is left behind, as it were, by its backward motion, that is, it is finally left, 
having been moved in the direction of translation of the wave. It is possible that 
some movement may take place occasionally by the forward stroke, but it can 
rarely occur that the conditions of equilibrium of the body after displacement, and 
the force, direction, &c., of the subsequent back stroke, are such as just to undo 
what the forward stroke or shock had done in way of disturbance.* 

But it is stated that occasionally bodies are thrown down in opposite direc- 
tions, for instance, walls standing north and south are prostrated both to the east 
and to the west. This and many other accidental anomalies, of course, will occur, 
but do not affect the truth of the general view. Thus a mass of masonry may be 
so conditioned as to height, weight, and connexion of parts, as to offer more 
resistance to the forward than to the back stroke, or vice versa, or may be shat- 
tered by the one and thrown down by the other. 


* The singular inversion of the pavements of towns by the Calabrian earthquake is also thus 
explained.—See Lyell, vol. i. p. 488, 2nd edit. 
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But another solution is possible for such cases of prostration in opposite direc- 
tions. When the earth wave, as we may call the shock, comes from seaward, 
and travels through a mass of stratified rock, or of diluvial matter, or other 
material of low elasticity, towards an inland range of mountains, consisting of 
masses of hard, crystalline, and highly elastic rocks, part of the wave will pass 
on, and a slight earthquake will be felt throughout the mountain range; but 
a portion of the wave will be reflected, and will return back, and pass a second 
time through the country first agitated, but now in an opposite direction; and 
thus walls, or other such masses, which remained standing from the primary 
earth-wave, may be prostrated by the secondary or reflected wave, and in the 
contrary direction to those first thrown down. 

I proceed now to explain, in accordance with my theory, the circumstances 
of the great sea wave and of the aérial sound wave, attending most great earth- 
quakes. 

Michell rightly attributes the origin of the great sea wave to the primary 
disturbance of the ocean water, directly over the centre of disturbance, propagated 
in every direction, like the circles upon a pond when a pebble is dropped into it ; 
but he does not give any satisfactory account of why it is that this wave succeeds 
the earth-wave or shock by a long interval; indeed the theory of wave-motion 
was then in too backward a state to have enabled him to do so. Recent 
authors have not been even as near the truth as he was when he attributed the 
different rates at which the great sea wave moves towards several distant sur- 
rounding shores, to its true cause, namely, the variable depth of the water. 

Thus Darwin says :* “In almost every severe earthquake the neighbouring 
waters of the sea are said to have been greatly agitated. The disturbance seems 
generally, as in the case of Conception, to have been of two kinds, first, at the 
instant of the shock the water swells high up on the beach, with a gentle motion, 
and then as quickly retires; secondly, some time afterwards the whole body of 
the sea retires from the coast, and then returns in waves of overwhelming force. 
The first movement seems to be an immediate consequence of the earthquake 
affecting differently a fluid and a solid, so that their respective levels are slightly 
deranged; but the second case is a far more important phenomenon.” 


* Voyage of a Naturalist, p. 309. 
VOL. XXI. K 
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«“ During most great earthquakes, and especially in those on the west coast of 
America, it is certain that the first great movement of the waters has been a 
retirement. Some authors have attempted to explain this by assuming that the 
water retains its level while the land oscillates upwards; but surely the waters 
close to the land, even of a rather steep coast, would partake of the motion 
of the bottom. Moreover, as urged by Mr. Lyell, similar movements of the 
sea have occurred at islands far distant from the chief line of disturbance, 
as was the case with Juan Fernandez during this (Conception) earthquake, 
and with Madeira during the famous Lisbon shock. I suspect,” he says “ (but 
the subject is a very obscure one), that a wave, however produced, first draws 
the water from the shore, on which it is advancing to break. It is remark- 
able that while Talcahuano and Callao (near Lima), both situated at the head 
of large shallow bays, have suffered severely during every earthquake from 
great waves, Valparaiso, seated close to the edge of profoundly deep water, has 
never been overwhelmed, though so often shaken by the severest shocks. From 
the great wave not immediately following the earthquake, but sometimes even 
after the interval of half an hour, and from distant islands being affected simi- 
larly with the coast, near tbe focus of the disturbance, it appears that the wave 
first rises in the offing, and as this is of general occurrence, the cause must be 
general: I suspect we must look to the line where the less disturbed waters of 
the deep ocean join the water nearer the coast which has partaken of the move- 
ment of the land, as the place where the great wave is first generated. It would 
also appear that the wave is larger or smaller according to the extent of shoal 
water that has been agitated, together with the bottom on which it rested.” _ 

Darwin fails in giving any explanation of the phenomena, in fact he does not 
pretend to offer any. 

Michell, upon this point (and it is one of the most important and fruitful 
facts in the whole range of earthquake phenomena) is totally astray ; he attributes 
the retreat of the water from the shore, previous to the advance of the great 
wave, to a distant subsidence somewhere in the bottom of the sea, from the sudden 
giving way of some cavity, in consequence of a vacuum produced by the conden- 
sation of steam; or he supposes that the whole mass of the land may be suddenly 
elevated by pent-up steam beneath it, and let down again upon its escape, and 
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that thus the retreat of the water is only apparent, and due in reality to the pre- 
vious rise of the land.* 

It is scarcely necessary to refute these hypotheses at length: as to the first, 
granting such a cavity under the deep sea to be suddenly filled, it would pro- 
duce no immediate sensible effect on the distant shores, and if it ever produced 
any, it would be a swell rolling in subsequently, and not a recession at the 
moment of shock. 

The second hypothesis is one of those samples of geology run wild, by which 
if only a sufficiently monstrous postulate be granted, anything may be accounted 
for. 

Nor, lastly, is the reviewer of Lyell in the Quarterly Review, No. lxxxvi. p. 459, 
more fortunate in his explication. He says: “ If a portion of the bed of the sea 
be suddenly upheaved, the first effect will be to raise over the elevated part a 
body of water, the momentum of which will carry it much above the level it will 
afterwards assume, causing a draft or receding of the water from the neighbour- 
ing coasts, followed immediately by the return of the displaced water, which will 
also be impelled by its momentum much further and higher on the coast than its 
former level.”’ 

This last view rests upon a mistaken notion of the mechanical conditions of 
the question. There is not the smallest evidence, that a wave produced far 
away at sea over acentre of disturbance, would produce any withdrawal of water 
at the instant from shores often distant by hundreds of miles, and, moreover, 
this theory allows no time for the earth wave or shock itself, produced under such 
conditions, to reach the land, which it is observed to do, at the instant of the reces- 
sion of the water. 

Mr. Lyell himself offers no solution, nor have I been able to find one else- 
where; I believe, therefore, that the explanation I am now about to give, for 
the first time, renders a true account of the phenomena, and, like all truth, 
when once grasped, will be found fertile in shewing the way to further and more 
advanced knowledge. 

First, then, in almost all great earthquakes it is admitted the shock comes 
from the sea. Let us assume a centre of disturbance far from land, below the 


* Michell’s Phil. Trans., vol. li. p. 614. 
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bed of the deep ocean; let it be a submarine eruption of actual lava poured out, 
a sudden breaking through of the earth’s crust and injection below with lava, or 
any other disturbance, it matters not what, sufficiently sudden, violent, and ex- 
tensive to produce an earthquake. The impulse at this centre will spread itself 
in all directions, but for simplicity we will limit our consideration to what will take 
place as respects a single distant land within range of the earthquake. 

The original impulse given to the bed of the sea acts simultaneously upon the 
earth, the sea, and the atmosphere, originating at the same instant, and transmit- 
ting one or more waves through each. 

The earth wave moves with an immense velocity, probably not less than 
10,000 feet per second, in hard stratified rock, and perhaps little short of this in 
the less dense strata. 

Dolomieu says of the Calabrian shocks: “ They were as sudden as the blow- 
ing up of a mine.” 

It will be proper here to give some proof of the actual progressive motion 
of the earth wave or shock; that each portion of the disturbed country is 
shaken in succession by the progress of the earth wave, and not the whole 
at once, as very commonly believed. Thus Spallanzani, in his Travels in 
the two Sicilies, in recording the facts observed by him of the earthquake at 
Messina (part of the great Calabrian earthquake), says: “ A very violent noise, 
like the rolling of carriages, was first heard at Messina, while a thick cloud (of 
dust) rose from the shore of Calabria opposite, where was the centre of the 
earthquake, the propagation of which was apparent by the successive falls of 
buildings from the point of the Faro to the city of Messina, as if, at the former 
point, a mine had been sprung, which extended along the shore, and continued 
into the city.” 

It is needless to multiply such facts, which occur abundantly in earthquake 
narratives, to prove that the earth wave passes parallel to itself in succession 
through the shaken country. I shall shew hereafter, however, in speaking of 
systems of vibrations, that, under particular conditions as to geological formation, 
the whole mass of a country may be shaken at one and the same instant. 

The earth wave, or shock, reaches the devoted land at the same instant that the 
sound of the crash and thunder of the submarine war of elements reaches the ears 
of its inhabitants, for the wave is itself the bearer of the sounds first transmitted 
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through the solid earth. These are so far exactly the phenomena observed : the 
shock is felt, and the rolling sounds are heard at the same instant, or as nearly so 
as can be told. It may, however, occasionally happen that the rolling sounds 
shall precede considerably the actual shock, because the amount and peculiar cha- 
racter of the disturbance at the centre of impulse may be such as, by several par- 
tial disturbances, to set in motion waves of sound through the earth or sea, before 
any sufficient impulse has been given to propagate a sensible shock; and further, 
as the velocity of the sound wave through the earth will probably be from 7000 
to 10,000 feet per second, or even more, while the velocity of the sound wave 
through the sea will be about 4700 (both in round numbers), so it will generally 
occur that the sound will be heard accompanying the shock, as transmitted by 
the former medium, and still the same sound be heard some time after the shock, 
thus transmitted more slowly through the latter medium, viz., the sea. 

Occasionally waves of sound may be wholly wanting, owing to no fractures 
taking place in the earth’s crust; the elastic earth wave, or shock, in such cases, 
being due merely to compression produced by sudden flexure. 

So also, if the centre of impulse lie deep in hard, elastic primary rock, ex- 
tending beneath a country consisting superficially of soft rock, or of diluvial 
matter of very low elasticity, the sound wave will reach the ear at a very distant 
point of the surface, by passing horizontally through the elastic rock below, and 
then vertically through the small distance to the surface occupied by the softer 
and less elastic materials, thus reaching the ear by a quicker channel than if it 
passed first vertically up from the deep seat of disturbance, and then passed hori- 
zontally through the superficial deposits ; but the latter course is that which the 
great earth wave or shock must take to be felt horizontally at the surface ; hence, 
the sound must be heard, in such circumstances, before the shock ; and while the 
sound, occasionally accompanied by a slight vertical shock, will appear to come up 
directly from under the feet of the hearers, the principal shock will be felt late- 
rally as coming from a distance—a fact actually recorded by Dolomieu in his 
Dissertation on the Calabrian Earthquake of 1783, where, on the granite moun- 
tains, the sound was heard before the shock was felt; but in the great diluvial 
plain the shock was felt before the sound was heard. 

In similar conditions, the great earth wave itself may, when transmitted 
trom profound depths, be diverted by difference as to elasticity of formation, from 
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its direct course, and, passing horizontally through deep, elastic strata, may reach 
the surface vertically at distant points, and produce those shocks upwards, from 
directly below, sometimes spoken of in earthquake narratives. 

Again, if the seat of disturbance be at a great depth, the earth wave must 
reach the surface in its immediate neighbourhood in vertical and diagonal lines of 
undulation, and produce similar effects as to shock as those last spoken of. This 
is the case with shaken countries close to volcanoes, where the seat of impulse is 
often close underneath.* 

The earth wave which reaches the shore (from an origin beneath the sea) is 
a real undulation of the surface: it is a wave, whose magnitude depends upon 
the elasticity of the crust of the earth which has received the original impulse, and 
upon the nature and force of that impulse; whose vertical height appears to vary 
from a fraction of an inch to several feet; generally, its vertical height seems to 
be from two to three feet in great earthquakes, and its length variable, according 
to the depth and elasticity of the strata which it affects. 

Now, at the moment of its origin, the earth wave is vertically below the great 
sea wave, which is raised by the initial impulse upon the surface of the ocean ; 
both move landwards together, but the earth wave rapidly outstrips the sea wave, 
because, while the velocity of the former depends upon a function of the elasti- 
city of the crust of the earth, the velocity of the sea wave, depends upon a func- 
tion of the depth of the sea (see Plate II. Figs. 2, 3, p.). Leaving, therefore, 
for the present, the sea wave in its progress towards the land, we will follow the 
earth wave in its silent and rapid transit beneath the deep ocean, and trace what 
takes place when it gets into soundings, and at last reaches the devoted shore. 

While passing under the deep water of the ocean it gives no trace of its pro- 
gress at the surface, in all probability ; but, as it arrives in soundings, and gets into 
water more and more shallow, the undulation of the bottom, the crest of the long, 
flat-shaped earth wave, brings along with it—carries upon its back, as it were,—a 
corresponding aqueous undulation, slight, long, and flat, upon the surface of the 
water. This, which, adopting Airy’s nomenclature, might be called the “‘ forced sea 
wave” of earthquakes, has no proper motion of its own; it is simply a long, low 
ridge of water, pushed up at the surface by the partial elevation of the bottom 


* See Professor Ferrara’s Account of the Earthquake at Catania in 1833, Silliman’s Journal, 
vol. ix, p. 216, 
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immediately below it, this latter elevation travelling with such immense velocity, 
that the hillock of water pushed up above it has not time to flow away laterally, 
and reassume its own level. 

Thus, then, the earth wave below, when in shallow water, is attended by a 
small forced sea wave, vertically over it, upon the surface of the sea, and these 
two reach the inclined beach or shore at the same moment; but as the beach 
is so inclined, and the forced sea wave, as well as the earth wave, are long and 
flat, and the velocity of the latter very great, the earth wave, as it were, slips 
from under the forced sea wave, at the moment of reaching the beach, which it 
for the moment elevates, by a vertical height equal to its own, and as instantly 
lets drop again to its former level. (See Plate II. Fig. 4, and m.) 

There is thus an apparent small recession of the sea from the shore, at the 
moment of the shock, followed almost directly by its flowing up something higher 
than the usual tide-mark, as the forced sea wave now breaks, and expends itself upon 
the shore. It is this forced sea wave, also, that communicates the earthquake 
shock to ships at sea, as if they had struck upon a rock. When, however, a ship 
is so struck in very deep water, as in the case of the Winchelsea, on the passage 
home from Bengal, in latitude 52° N., longitude 85° 33’ E., hundreds of miles from 
land, we may conclude that the centre of disturbance is either directly under the 
ship, or very near, and that the shock felt is the actual earth wave shock, trans- 
mitted vertically or diagonally upwards, like a blow, through the deep water.* 

It is possible that the aqueous sound wave may communicate a vibratory 
jar to a ship afloat in the water through which it passes, but not the shock uni- 
versally described as like striking on a rock, and often mentioned as violently 
straining the timbers of the ship. 

This, I believe, is the true explanation of the small apparent recession of the 
sea, just at the moment of the shock; and combinations analogous to this will 
account fully for all the strange movements of distant lakes, islands, rivers, 
&c. &c., recorded as occurring during great earthquakes. The earth wave, for 
instance, of the Lisbon earthquake, when it had reached Scotland, and passed 
under the Highland lakes, must have produced similar phenomena of oscil- 
lation in the waters on their shores; and in passing under the bed of a river, in 


* Quarterly Journal, vol. xvi. p. 184. 7 Ibid. vol. xvii. p. 43. 
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the direction contrary to its course, must, in various places, have produced the 
effect of the retardation, stoppage, or reflux of the current for a few moments, 
as in the case of the South Carolina earthquake of 1811, where the course of 
the Mississippi was temporarily arrested below New Madrid ;* or, as in the great 
Calabrian earthquake, where the courses of many rivers were arrested at the 
moment of the passage of the first shock, the waters drying up all at once, as the 
ridge of the earth wave dammed them up above, and caused their waters to run 
proportionately rapidly off, down stream, behind the earth wave. They almost 
immediately began to run again as usual, but with increased volume, owing to the 
short withholding of their waters. This phenomenon was particularly remarked 
in the river Metramo, at the bridge of Rofarno. 

Dolomieu, in his Dissertation on the great Earthquake in Calabria Ultra of 
1783 (a scarce work, of which a limited number of copies were printed at Rome, 
in 1784), records the above, and several other remarkable facts ascertained per- 
sonally by him, none of which have hitherto been explained, but of which I now 
propose explanations accordant with my general theory. 

The great Calabrian plane consists of a vast, deep, diluvial deposit, reposing 
upon the hard granite and slates which form the mountain chain of the Appen- 
nines in that country. These plains, which have a gentle slope seaward, 
are cut into deep ravines and valleys, of greater or less magnitude, in all direc- 
tions, by the excavations of the rivers and drainage of high and plain lands, so 
that the vast mass of loose material composing the latter is, to a certain consi- 
derable depth, divided, as it were, into a number of small, insulated table lands, 
by intervening glens with steep escarpments. 

Dolomieu compares it to a number of cubes, or rather of irregular flat masses 
of damp sand, placed near each other upon a flat table ; and he describes the gene- 
ral effect of the earthquake as like that which would be produced upon these 
disconnected masses, by shaking the table with a horizontal motion, namely, a 
general tendency to level the whole—to break down the escarpments of the 
valleys, and fill them. Hence, the most capricious changes of the face of the 
country resulted from the earthquake: valleys were dammed across in a moment 
by the ‘slipping’ of vast masses of their loose escarpments, often bearing 
upon them still rooted woods, vineyards, and olive yards, and even houses. 


* Lyell, vol. i. p. 470. 
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The streams, whose beds were in the bottoms of the valleys, now quickly 
formed lakes above these dams, and their final overflow often traced out new 
river courses over the table land, or changed the whole aspect of the valleys 
below by violent «‘debacles” consequent upon their giving way. I notice these, 
and refer to Dolomieu’s Dissertation for many other singular details, in order to 
remark that those and all similar phenomena do not properly constitute part of the 
earthquake at all; and, in order to form clear notions of earthquake mechanics, we 
must carefully distinguish between these, which are but consequences of the con- 
sequences of the earthquake, and the earthquake wave itself, which gives rise to 
them all. The earth wave shakes the country ; the features of its surface are altered 
by the filling of valleys and levelling of eminences ; a new state of things is in- 
stantly brought about, as regards its drainage, and all its meteorological circum- 
stances alter in proportion. Hence, when, in the loose narratives of earthquakes, 
which abound with ill-made observations, fanciful and figurative language, and exag- 
geration, we read of ‘lakes suddenly appearing where all was dry before,” rivers 
and lakes “bursting up out of the earth,” “lightnings and clouds of smoke 
or dust accompanying the shock,” we must bear in mind that these are mere 
accidents, contingent upon the consequences of the principal phenomenon, the 
transit of the earth wave, namely, upon the disturbance of the surface of the land 
reacting upon its drainage, and producing violent electrical disturbances by fric- 
tion, by pressure, by changes of temperature, and these all again reacting upon its 
climate, so as often permanently to affect it. 

Hence, to arrive at a true theory of earthquake mechanics, it is not required 
that we should be able to predict, or even to explain, all of these dowbly secondary 
contingent circumstances, the conditions of which must be, for the most part, so 
local as to forbid the attempt. Many, however, of such contingent phenomena, 
where we have the conditions sufficiently given, can be explained by direct refe- 
rence to our theory. 

For instance, Dolomieu records of Calabria, and the same statement is 
made of other earthquakes, that, “at the moment of the shock, several springs 
spouted up their water like fountains.” The sources of copious springs usually 
lie in flat plates or fissures filled with water, whether issuing from solid rock, or 
from loose materials: now, if a vein, or thin, flat cavity, filled with water, be in 
such a position that the plane of the plate of water or fissure be transverse to 
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the line of transit of the earth wave, the effect of the arrival of the earth wave 
at the watery fissure will be, at the instant, to compress its walls more or less 
together, and so squeeze out the water, which will, for a moment, gush up at the 
spring head, like a fountain, and again remain in repose after the transit of the 
wave. The inertia of the fluid will aid this effect at the instant of transit of 
the rearward slope of the wave over the spring, that is to say, at the moment 
that the ridge of the wave sinks again, on passing over the spring, the water 
will appear to rise.* To this many other such curious, mimute, accidental earth- 
quake consequences might be added and explained, but it would be a tedious 
and useless labour, as the explanations of all such will be apparent easily to 
those acquainted with physics, where the conditions have been properly ob- 
served. 

Before leaving the subject of the great earth wave, however, it is necessary to 
make some observations as to the change which will take place (under certain 
circumstances of geological formation) in the transit of the wave, by which, in 
place of its progressive motion, the whole country will move, or be more or 
less completely shaken at the same instant of time, so as, in fact, to produce 
one simultaneous shock over a larger or smaller space at the same instant. 

Where a wave of elastic compression, suck as our earth wave, passes 
through a body, varying, in specific elasticity, in several parts of its course, or 
passes from one body to another of different elasticity, at each such change of 
medium the wave changes its velocity, and in part changes its course, a portion 
being reflected and a portion refracted, analogous to a wave of light, in passing 
through media of variable density or of different refractive indices; so also, if 
the wave passes from a highly elastic body to one of very low elasticity, and again 
into a third body of high elasticity, in proportion as the wave continues un- 
broken, the bodies must have a common time of vibration or of wave transit, at 
the surfaces of contact. A popular illustration of these truths is afforded by a 
glass of sparkling champagne, which will not ring clear when the glass is struck, 
while the foam continues to crown the liquor, but no sooner has its disappear- 


ance enabled the glass and the wine to vibrate, as a system, than the tone becomes 
musical. 


* Fluids and all loose bodies may also be thrown upwards, when the direction of wave transit 
is vertical or nearly so, 
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To apply this to our subject: when the earth wave passes abruptly from a 
formation of high elasticity to one of low elasticity, or vice versd, it will be partly 
reflected; a wave will be sent back again, producing a shock in the opposite 
direction ; it will be partly refracted, that is to say, its course onwards will be 
changed, and shocks will be felt upwards and downwards, and to the right and 
left of the original line of transit of the wave. This is exactly what has been 
observed to take place. Thus, Dolomieu informs us that, in Calabria, the shocks 
were felt most formidably, and did most mischief, at the line of junction of the 
deep diluvial plains with the slates and granite of the mountains, and were felt 
more in the former than in the hard granite of the latter. Houses were thrown 
down in all directions along the junction, and fewest of any where these were 
situated in the mount ains.* 

Here the transit of the wave was from the clay and gravel, which have the 
lowest possible elasticity, into the granite, whose elasticity is remarkably high ; 
and hence the shock, after doing great damage by varying its direction, and 
returning upon itself, at the junction, was at once eased when it got into the 
elastic material of the mountains. But if the case be converse, if the earth wave 
pass from highly elastic rock into a mass of clay or sand (suppose lying in a small- 
sized valley), and pass across this into similar elastic rock at the opposite side, all 
the former results will follow ; but, in addition, the whole mass of clay, or sand 
and gravel, in the basin of the valley, will be shaken as a whole by any powerful 
shock, which will be felt over its whole area at the same instant; in other words, 
the contents of the basin or valley will be constrained to vibrate as one system, 
with its walls, namely, the elastic rock of its sides. This gives the solution of the 
fact frequently recorded of places so circumstanced, and at not very great dis- 
tances, feeling the shock of the one earthquake at the one moment. 

We have thus traced many of the variable and secondary effects of the transit 
of the great earth wave, and may remark, in concluding this branch of our 
subject, that earthquakes must be regarded neither as the cause nor as the imme- 
diate effects of the elevation of a district of the earth’s surface, but merely as the 
remote effects of elevations occurring at a remote centre, so that the true defini- 
tion of an earthquake is, the transit of a wave of elastic compression in any 


* See also M, Place’s Account of the Earthquake in Chili, 1822, Quarterly Journal, vol. xvii. 
p- 42. 
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direction, from vertically upwards, to horizontally, in any azimuth, through the 
surface and crust of the earth, from any centre of impulse, or from more than 
one, and which may be attended with tidal and sound waves dependent upon 
the former, and upon circumstances of position as to sea and land. 

Our knowledge is not at present sufficiently advanced as to the laws of large 
waves of elasticity passing through solids, to be able to do more than rudely to 
predict the many strange alterations of the original wave which will be produced 
by particular local circumstances, such as by its passing from low to high land, 
from hard to soft rock, or vice versd, round great axes of hard rock, and round 
great bodies of inland waters, or through masses of softer rock, reposing on much 
harder, and suddenly reduced as to depth, in which case a single shock will pro- 
bably be divided into two or three in quick succession, and varying in direc- 
tion. 

I return, therefore, now to the great sea wave, which, after having been elevated 
at the same origin and instant of time with the earth wave, we left pursuing its 
course to land, over the deep ocean. While over the profound depth of the 
ocean, its course, though greatly slower than that of the earth wave, will still be 
exceedingly rapid ; and, like all deep sea tidal waves, it will have an equal slope 
before and behind; its amplitude will be very great, and its slope so gentle, that 
it might even pass under a ship without being noticed. It is here, but a long, 
low swell, of enormous volume, and with an unbroken surface; so it continues 
until it reaches the “‘edge of soundings,” and here a new phenomenon is mani- 
fested. It is capable of proof theoretically, and the fact is daily observable in 
tidal estuaries or rivers, that when the tidal wave (such a wave as we are here 
considering) leaves the open sea, its front and rear slopes being equal in length 
and similar in form, and advances into the shallow water of an estuary or near the 
shore, its front slope becomes short and steep, and its rear slope long and gentle ; 
advancing still further, the rear slope becomes more and more flattened about the 
middle of its length, then becomes depressed at this point, and as the wave con- 
tinues to advance this depression deepens, and at last the wave becomes broken 
into two or more smaller waves (see Plate IL., figs. 5, 3, and 7) ; and when the 
depth of water below its mean surface becomes less than the altitude of these 
waves, they will lose their equilibrium, become broken, and topple over, falling 
in breakers” upon the shore. It is unnecessary here to enter more fully 
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into the conditions of this peculiarity of tide waves; enough has been stated 
to. show that a single shock, or earth wave, may be succeeded either, first, by 
one great sea wave, rolling in long after the shock has passed, if there be 
deep water close into the shore, in which case the wave will come in as a 
long and wide, but low and unbroken swell, and may do little or no damage, 
which fully explains Darwin’s case of Valparaiso, as above quoted.* In this case, 
if more than one great sea wave arrive to land, there must have been more than 
one earth wave; in fact, there will be one sea wave for every earth wave or 
shock, but the intervals between the shocks may be such, or the primary impulses 
so circumstanced, that two or more such waves may arrive at the land together, 
or so nearly coincident as to appear as one; and as there is deep water close in 
shore, and, therefore, no beach, the apparent recession of the sea, at the moment 
of the shock, will not take place; but instead, there will be a small elevation of 
the sea, or forced sea wave, close in shore, at the moment that each shock reaches 
the land, the height of which will be approximately the same as that of the earth 
wave itself, and may, in fact, become a rude measure of the amount of vertical 
movement of the earth at the crest of the earth wave. 

But further, the interval of time between two shocks, or, what is the same, 
between two forced sea waves (which we must recollect always keep company 
with the earth waves), may be such, that the forced wave of a succeeding shock 
shall coincide at the shore with the great sea wave due to a preceding one, and 
thus the forced wave be obliterated, or accumulated into the great sea wave ; and 
this may happen upon certain points of an indented shore, and not on others: or 
it may happen upon certain points of a perfectly straight shore, with deep water 
all along, and not on others, provided the geological formations at different points 
along the coast, and under the surrounding sea, differ in density and elasticity, so 
that the time of the earth wave transit is greater in one formation than in ano- 
ther ; in this case, the shock will arrive a very little later upon one part of the 
coast than upon the other, and the forced sea wave along with it, as may be 
made more evident to the eye by a geological map of earthquake cotidal lines. 
(Plate I.) 

From the principles already explained, a single earth wave or shock will, 
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where the sea is shallow and the shore shelving, be at first attended by one 
great sea wave, which, on coming within soundings, may divide into several, 
according to the height of the original wave and the depth of the water ; 
these secondary waves shall arrive in succession upon the land, and each earth 
wave will be followed by a similar sequel of divided sea waves ; or, if the depth 
of water close into the shore be sufficient, in proportion to the height of the 
original wave, although the latter be shelving or beached, it may come in singly, 
and only altered from its form when passing over the deep ocean, by having 
become steep and impending on its front slope until it breaks upon the land.* 
Thus, then, we havea complete account rendered of all the apparently perplexed 
facts recorded in the narratives of earthquakes, as to the occurrence sometimes 
of a number of shocks, and but one great wave ; sometimes of many shocks and 
several great waves; and sometimes of fewer great waves than shocks. 

It may be here remarked, that although the earth wave and the great sea wave 
have a common origin, and set out with motion in the same direction, that it by 
no means follows that they shall both arrive at land with precisely the same 
direction of motion ; for inspection of the map of cotidal earthquake lines (see 
plate I., and Explanation of the Plates) will shew that, as the earth wave cotidal 
lines become distorted by change of strata, or of geological formation, so the 
great sea wave cotidal lines become distorted by change in the depth of water, 
and hence, may intersect at one or at several points; and thus the shock of an 
earthquake may appear to come from one direction, while the great wave may 
rollin apparently from a different one, although they both started from one point, 
and at the one moment, which again explains some of the most perplexing accounts 
given in earthquake narratives. 

Just before the great sea wave comes in, the sea will largely and rapidly 
retire from the shore. Again, after the primary great sea wave has come on 
shore, the sea will, upon its retreat, fall back far beyond its usual limits; and again 
returning, a second wave may follow the first, of less size; and again, a third 
or a fourth, until these waves of oscillation have spent themselves. The possi- 
bility and extent of this phenomenon depend upon the form and slope of the 
beach, or shape of the bottom of the shallow water close in shore. This was 


* See Caldcleugh’s Account of the Earthquake at Conception, in 1835, Phil. Trans., where 
the wave was twenty-eight feet high. 
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exactly what occurred after the earthquake at Callao, in South America, in the 
year 1747, as related by Ulloa in his Voyages.* 

That the whole mass of the land over vast areas is often permanently elevated 
‘more or less, and to variable amounts at different points, during earthquakes 
agitating these same areas, is proved beyond doubt; it therefore must be held in 
view that all the above phenomena of wave motion, in both earth and sea, are 
liable to perturbations, and to become complicated, by movements of permanent 
elevation or depression in the land, general or partial, and the effects of which, 
it may be often difficult or impossible subsequently to separate; but the distinc- 
tion is ever to be held in mind between those elevating forces, which have a 
common origin with the earthquake, and which permanently affect the level of 
the disturbed country, and these impulses, the transient effects of which, acting 
at remote distances, constitute the earthquake properly so called. 

It seems probable that the earth wave, in passing through a country already 
shattered, or consisting of a variety of heterogeneous formations, and with a very 
uneven surface, may become broken or separated, in the way already explained, 
into a succession of smaller shocks or earth waves, and as the amplitude or 
length of these waves is small, while their velocity is still very great, they may 
break up the mass of the rock or ground through which they pass, by the amount 
of internal motion exceeding the elastic limits of the formation, and thus give 
rise to fissures which, in hard material, may rapidly open and close, as the suc- 
cession of partial earth waves passes through. This explains the phenomena 
recorded as happening in the great earthquake of Jamaica of 1692, where the 
fissures opened and closed, in vast numbers at a time, with such rapidity, as not 
only to swallow human beings, but even to bite them in two, when in the act of 
falling in.t 

The casting out of water, mud, &c., from such fissures, seems to be merely 
an accident due to these fluids having found their way from lakes, rivers, &c., 
into the newly formed fissures when open, and bemg squeezed out again when 
they closed, or thrown out by inertia on the transit of the wave, as already 
explained in the case of springs. 


* See Caldcleugh, Phil. Trans., Earthquake at Conception, of 1835; and for a collected account 
of the coming in of great sea waves, Woodbine Parish, in Phil. Magazine for 1836, vol. viii. page 
181, t Lyell, vol, i. p. 512. 
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Lyell’s explanation of the alternate opening and closing of fissures, namely, 
that “we must suppose the earth was by turns heaved up, and then let fall 
again,’* seems erroneous and unsupported by observation; no amount of ele- 
vation, transitory or permanent, recorded in even the most violent earthquakes, 
would be sufficient to account, in this way, for the opening and closing of 
fissures of a few inches in width, much less of several feet, as repeatedly observed. 

As it has been before remarked, that the cotidal lines of the earth wave 
become distorted by passing through heterogeneous masses, so, in passing 
through a broken country of variable formation, two partial earth waves, separated 
from the original wave, may cross each other, and produce a larger wave at this 
nodal point, and in this case we shall have fissures, also intersecting or radiating 
in various directions from the centre of the node, like cracks in a broken pane of 
glass, which is the explanation I would give of this phenomenon, as observed in 
the great Calabrian earthquake of 1783, at Jerocarne.f It is exceedingly impro- 
bable that radiating fissures, so produced, should ever all close again after the 
transit of the wave, as many of the cuneiform masses between them must become 
greatly displaced; their remaining open partially is, therefore, no proof of per- 
manent elevation, as Mr. Lyell supposes. 

On the other hand, it may occur that the earth wave, in passing from 
heterogeneous formations of low elasticity, into one vast and deep homogeneous 
formation, as, for instance, of crystallized igneous rocks, possessing a high elas- 
ticity, will be largely increased in amplitude, and thus may (like the great 
sea wave over the deep ocean) pass through such a country, with its immense 
velocity unabated, and yet, from its small altitude, and great amplitude, or, in 
other words, from the great breadth and flatness of the wave, it may do no mis- 
chief, nor even be noticed, except in the slight agitation it may produce in lakes 
or other inland waters. 

This appears to have been the fact with the great Lisbon shock, on reaching 
the crystallized primary or igneous rocks of Scotland, where its passage was only 
known by the disturbance of the waters of the Highland lakes. 

At Loch Lomond the water, without any apparent cause, rose against its 
banks, and then subsided below its usual level: the greatest height of the swell 


* Lyell, vol. i. p. 483, + Ibid. p. 507. 
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was two feet four inches.* In this instance, it seems most probable that the 
amplitude of the earth wave was so great, that the entire cavity or basin of the 
lake was, as it were, nearly at the same instant, tilted or canted up, first at one 
side, and then at the other, by the passage of the wave beneath it, so as to dis- 
turb the level of the contained waters by a few inches, just as one would cant up 
a bowl of water at one side by the hand; insucha case, the height of the original 
terrestrial disturbance would be much less than that of the subsequent swell, or 
oscillation of the water, produced by it, so that the earth wave itself, upon land, 
might be quite imperceptible to the senses directly. 

It is even possible that, when the earth wave originates at profound depths in 
the earth’s crust, it may be propagated through masses of rock of similarly high 
elasticity to various remote regions, and either escape altogether, or be very little 
felt in closely adjacent regions, whose formations are of soft, stratified rocks, of low 
and variable elasticity, reposing upon the more elastic primary rock below ; so, also, 
the earth wave will pass with wnegual velocities, in different directions, in strati- 
tied, laminated, or pseudo-crystalline formations, such as various sands or limeston es, 
roofing slate, &c. Thus, an earthquake shock originating at or near Lisbon, 
might be felt in the older rocks of Scotland or of Wales, and yet not be observed, 
or be much less observable, in England, although it should have equally passed 
under the latter country. This appears actually to have been the case, in the 
great Lisbon earthquake.t 

So, also, the earth wave or shock propagated in all directions at once, from 
the centre of impulse, if this be situated, with formations of low elasticity at 
one side of it, and those of high elasticity at the other, may reach very distant 
regions by transit through the latter, while it may be scarcely felt in closely adja- 
cent ones situated upon the former. 

Again, if two earth waves or shocks be propagated through a region towards 
a line, where, by change of formations, partial reflection of the wave takes place, 
as already explainedj, the recurrent wave of the preceding shock, may meet the 
advancing wave of a succeeding one, and a nodal line of earth wave shall result, 
so that along one particular stripe of country, at right angles to the line of transit 
of the shock, or nearly so, the destruction shall be far greater produced by the 
accumulated wave than at any one line in advance of it or behind it, and yet there 


* Lyell, vol. i. p. 507. ¢ Phil. Trans. 1760. t Page 26. 
VOL. XXI. M 


82 Mr. Matter on the Dynamics of Earthquakes. 


shall be no reason discernible for all this, in the form, structure, or circumstances 
of the country itself where so shattered. 

And again, if, by the crossing of two partial earth waves, the crest of one wave 
fall into the hollow of the other, a negative node will be produced at their inter- 
section, so that the ground here shall not be moved, though in the midst of a 
country shattered all round it. Facts have been occasionally observed, that 
scarcely admit of any other explanation. Thus, Dolomieu states that, in the 
centre of Radicina, a small village totally levelled by the Calabrian earthquake, 
one solitary small house remained, without a sign of having been disturbed. But 
it would be tedious to follow further such corollaries from our general principle, 
many of which will occur to those familiar with the mechanics of waves. 

Having thus traced most of the direct and collateral phenomena resulting 
from the transit of the earth wave, and of the great sea wave, it remains to say 
a few words as to the aerial wave, that is to say, the sound of the original dis- 
turbing impulse, transmitted from this point to or over the land, through the air. 

The wave of sound in air, has a velocity greater than that of the great sea 
wave, but less than that of the sound wave transmitted through the sea, and also 
much less than that of the sound wave through the earth, or of the great earth 
wave of shock; hence, after the first hollow sounds, carried by the earth, which 
accompany or slightly precede the shock, and before the approach of the great 
sea wave, a continuous succession of sounds, like the rolling of distant thunder, 
will arrive, first promptly through the water of the sea, and afterwards more slowly 
through the air, and when the origin of disturbance extends over a consider- 
able line of territory, these sounds may continue even after the arrival of the 
great sea wave, which usually closes the terrible event. There can never be a 
sound wave through the air unless there be considerable fracturing of the earth’s 
crust at the centre of disturbance. Very many other modified conditions, as to 
the arrival and continuation of the aerial, aqueous, and terrestrial waves of sound, 
will at once occur to those versed in acoustics, but which need not here be 
enlarged upon. 

To recapitulate, therefore, the order of the successive phenomena, as they 
would present themselves to an observer upon the shore, we have the whole of 
the possible waves of every sort, viz., the earth sound wave and great earth wave 
or shock ; the sound wave through the sea; the sound wave through the air ; the 
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forced sea wave; the great sea wave; all originated at the same moment, or 
quam proxime so, by one impulse, and setting out together. The sound wave 
through the earth, and great earth wave or shock, arrive first, and are heard and 
felt on land, accompanied, as far as the beach, by the small sea wave, which I have 
called the forced sea wave; these are almost instantly succeeded by the sound 
wave through the sea; next arrive the aerial waves of sound, and continue to be 
heard for a longer or shorter time ; and lastly, after a comparatively long interval, 
the great sea wave rolls in upon the shore, and the earthquake is complete; so 
far as all the phenomena belonging to one shock are concerned, it has passed 
through one complete phase. These, however, are generally repeated, but with 
diminished energy, each renewed impulse at the origin of disturbance renewing 
the whole train of effects. 

I have only further to consider very briefly what will take place and be 
observable upon the shore when the origin of the shock is not under the ocean 
bed, but upon dry land, in the heart of a great continent, or anywhere far 
inland. 

Here, then, the great sea wave is entirely absent; it can have no existence. 
The sound wave through the earth arrives first at the shore, or other distant spot, 
accompanied by the great earth wave, or true shock, which dips under the sea, 
and finally is lost beneath the ocean bed, or emerges, if sufficiently powerful, and 
produces a shock upon the shores of distant countries. At the moment that the 
earth wave plunges below the sea, if the shore be a beach, or shelving, a small 
forced sea wave will be produced, and thus a small, sudden, apparent recession 
of the sea, and sudden advance above its former level, will be observable; in 
fact, this phenomenon will be precisely the same, mutatis mutandis, whether the 
producing earth wave, pass from seaward to landward, or vice versd, The 
forced sea wave will exactly keep pace with the movement of the great earth 
wave below, while the sea continues shallow, but as this deepens, and finally the 
earth wave gets beyond the edge of soundings, the forced sea wave will be no 
longer produced, and it will gradually subside and be lost. 

Shortly after the passage of the earth wave or true shock, the aerial wave 
of sound produced by the eruption, fracture, or other original disturbance, 
will also reach the shore, and, passing off to sea, will finally become inaudible. 
These are all the wave phenomena which can occur, in general, in an earthquake 
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whose origin is inland; hence our theory shews that, in one respect at least, the 
common opinion is well founded, that all great earthquakes’ come from the sea ; 
for besides that the earthquake whose origin is inland has, probably, always a 
smaller original impulse, because the disruptive forces, of whatever sort, are less 
opposed on land than they are under the bed of the deep sea, the inland earth- 
quake always wants the desolating conclusion of the overwhelming great sea wave. 
The conditions, then, just enunciated are precisely what we find did actually occur 
in the great Calabrian earthquake. The centre of impulse was situated, accord- 
ing to Dolomieu, at the intersection of a line drawn from Cape Vaticano to Cape 
Colonna, with another drawn from Cape Suvero to Cape Stillo; it was, there- 
fore, in the heart of Calabria. No great sea wave followed this tremendous earth- 
quake on the Calabrian coasts, and yet the shock was powerful enough to pass 
under the sea, and destroy the city of Messina upon the opposite shore of 
Sicily. 

Here there was, however, considerable agitation of the sea, the surges of 
which swept over the mole of Messina; but this was produced, we are told by 
Dolomieu, by waves generated locally, by the fall of an enormous mountain mass, 
which was broken off, and precipitated by the shock into the sea in the immediate 
neighbourhood of that city. A similar occurrence is recorded by Captain Basil 
Hall, I believe, as having occurred during an earthquake on the coast of South 
America, where an enormous mass of rock was observed suddenly to split off, and 
fall into deep water, producing a swell that was propagated and felt very far 
out to sea. In making observations during or subsequent to earthquakes, there- 
fore, or in discussing their particular circumstances, with a view to discover the 
centre of original impulse, it will be necessary always carefully to ascertain whe- 
ther great sea waves, observed at any point of the coast, have arisen from this or 
other such accidental event, or have come normally from the centre of impulse. 

I proceed now to point out in what respects the theory of earthquake 
motion, which I have thus, I hope, been enabled to make intelligible, differs from 
all others previously brought forward, and to show how Michell’s, which in some 
points appears most to resemble it (although the likeness is but apparent) fails 
altogether. 

Michell’s views, as to the agencies of vast regions of subterraneous vapour, 
pent up in a state of high elastic compression, seem to have been derived from 
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Bouguer, Don Ulloa, and other contemporary or slightly anterior authors. His 
hypothesis is, however, purely gratuitous; we have not a particle of evidence 
that any large tract of the earth’s surface ever is afloat upon, much less buoyed 
up by, and elevated upon, vast masses of clastic vapour or gases. The only evi- 
dences we have of subterraneous vapour playing any part at all in the forces of 
elevation, are at the very foci of volcanic action, by the projection of solid masses 
from craters, the occasional splitting and blowing out of the sides of these, the 
spouting of geysers, &c.; but these, however grand when considered alone— 
‘‘magna ista quia parvi sumus”*—are only minor phenomena in the great machi- 
nery of elevation of the earth’s crust; and if any considerable tracts of surface, 
even in the neighbourhood of volcanoes, were afloat upon elastic vapour, rapid 
and perceptible falls of surface, ending with shocks, long continued and irrepres- 
sible blasts of the liberated gases, and other evidences of sudden depression, would 
be felt at those moments of the eruption when, by one of those mighty explosions, 
the caverns below were eased of their pent-up winds, and their roofs again dropped 
suddenly into contact with their molten floors. But no such facts have ever been 
observed ; in all eruptions, however violent, the principal phenomena indicate the 
steady, upward pressure of liquid, but not wriform, matter from below: the pres- 
sure and all its effects are hydrostatic ; and explosions, or sudden evolutions of elastic 
vapour, appear merely as the by-play, produced by the casual coming in contact 
of the heated materials with water, or with solids evolving vapours or gases by 
decomposition. 

When the great rents at last open, liquid lava flows out, either quietly or 
attended with eructations of elastic matter ; but these are disproportionately small 
in relation to the volume of liquid. Even when vast “crevasses” have opened up 
the bowels of volcanic mountains to their very bases, no great evolvitions of elastic 
matter have ever been recorded. Thus, in the eruption of Etna, in 1669, a 
fissure or “ crevasse” of about six feet in width, and of unknown depth, suddenly 
opened in the plain of St. Lio, at the very base of the mountain, and ran up to 
within a mile of its summit—a fissure of twelve miles in length ; it was soon 
succeeded by five others, nearly as large, and nearly parallel to it. Amidst the 
crash of riven rock, and rolling thunders from the hell below, heard forty miles 


* Seneca, Ques. Nat. 
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away, a light of insufferable brightness, piercing the night, beamed up from these 
awful chasms, and heralded to upper air, the hissing lava. The molten mass, 
however, slowly welled up within the fissures, until its hydrostatic pressure at 
length gave it vent, and it flowed out at a distance of some miles at Monte Rossi. 
Here, then, where the mountain was ripped open from base to summit, no vast 
volumes of pent-up gases were liberated; no sudden depression of surface fol- 
lowed; nor am I aware that any such phenomena have been observed in other 
instances of eruption. We may, therefore, affirm that there is no ground in 
observed facts, for supposing large tracts of the earth’s crust ever to float upon, 
or be elevated by, subterraneous seas of elastic gaseous matter. 

There is, on the contrary, every ground for believing that the whole earth’s 
crust does rest upon liquid melted matter, and that this crust, although of enor- 
mous thickness, is extremely thin in proportion to the vast depth from the surface 
to the centre of our planet. We cannot say what the absolute thickness is, but it 
probably is not less than forty-five miles. Now granting, argwmenti gratia, 
that an original impulse is given to this solid crust, floating upon liquid lava, let 
us follow out the consequences, and see how far the production and propagation 
of such a wave as Michell has assumed, is possible in a crust resting on liquid 
matter, so as to agree with the known laws of wave motion, and the observed 
conditions of earthquake shocks. 

His theory is, that the thin crust having received the original impulse at a 
certain point, undulates, by the passage of a wave not in the elastic plate itself, 
analogous to the vibration of a stretched string, or rather of a sonorous plate, but 
that the crust is forced to undulate by the passage below it of a wave of the 
fluid upon which it rests, so that the surface of the crust assumes the form, and 
follows the motion, of the undulating fluid below, in the same way as the carpet 
of his experiment follows the undulation of the wave of air below it. Now, we have 
shewn that the rate of transit of the great earth wave, or true earthquake shock, 
is immense, that it, at least, equals the velocity of sound in the same solids. 
The question then is, can a wave propagated under the conditions thus assigned 
by Michell, have any such velocity of transit ? 

Admitting, for a moment, that the crust of our earth bears any analogy to the 
flexible carpet of his experiment,—admitting that the enormous shell of, at least, 
forty-five miles in average thickness, could have flexibility enough to follow the 
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constraining motion of the wave of fluid upon which it rests,—then it follows that 
the speed of transit of the wave of fluid below, limits that of the undulating crust 
above—that the velocity of the earth wave or shock cannot be greater than that 
of the fluid wave below. Now the latter must follow the laws of a tidal wave—ot 
the great sea wave of which we have already spoken ; its velocity, like that of the 
tidal wave of our seas, will be a function of its length, and of the depth of the fluid, 
diminished, in this case, by certain considerations as to the density and degree of 
viscidity of the.liquid ; and although it would be at present impossible, for want 
of data, to calculate the exact velocity with which this subterraneous lava wave 
could move, it may be certainly affirmed that its velocity would be immeasurably 
short of the observed or theoretic velocity of the great earth wave, or true shock, 
in earthquakes, 

Even if we suppose, as indeed would probably be the fact, that, the original 
impulse once given, there would be mutual constraint between the wave motions 
of the fluid below and those of the elastic solid crust above, so that the crust, if taken 
alone, would vibrate like a sonorous plate, while the fluid wave below it alone 
would follow the law of motion of a tidal wave, but that by their mutual reaction, 
a wave passes through both, having a common time of transit, or period of undu- 
lation, slower than that due to the vibrations of the solid elastic crush, but quicker 
than that due to the undulation of the fluid nucleus; still, the velocity of transit 
of the earth wave at the surface would be far too slow to answer the observed 
phenomena of earthquake shocks. 

The rate of ascertained progress of the great Lisbon shock, the only one, 
unfortunately, that has been observed with any pretension to accuracy, is stated 
by Michell at twenty miles per minute, or 1750 feet per second*—a speed more 
than ten times that of the attendant great sea wave, and at least twenty times as 
great as it is possible to admit the velocity of propagation of a similar wave in 
imperfectly fluid lava; and yet this velocity is probably underrated, or, if 
not, the elasticity of the earth’s crust must be greatly impaired by its increased 


* Phil. Trans. vol. li. part 2, p. 572.—Humboldt (Cosmos), gives six to seven geographical 
miles per minute as the wave period of horizontal transit, without stating how this result has been 
obtained; yet he admits the vertical wave transit to have a period of vastly greater velocity, as, for 
instance, in what he calls the ‘‘ upward explosions” at Riobambe, which projected the bodies of the 
inhabitants nearly 100 feet. It would be an important fact if future observation should prove a 
different wave period for the same formation in the vertical and horizontal directions. 
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temperature due to depth. ‘Thus, then, granting the whole of Michell’s hypo- 
thesis, we find the inevitable results of his own theory will not square with 
observed facts on the one hand, nor with the decrees of physics upon the other. 
It would be, therefore, needless to discuss more at length the gratuitous and 
unsustainable character of his hypothesis as to the mode of production of the 
original impulse itself. 

It remains, then, to explain a little more fully the precise nature of the great 
earth wave of elastic compression assigned by me as constituting, by its transit, the 
earthquake shock, and to explain briefly the general mode of origination of the 
impulse by which it is produced, or at least may be conceived to be produced, 
without the assumption of any hypothesis beyond the established facts, that forces 
of some kind, acting from below upwards, produce local elevations of portions of 
the earth’s solid crust, often attended with dislocation and fracture of the crust, 
and sometimes attended with the actual outpouring of liquid matter from beneath ; 
that these elevations take place with various degrees of rapidity, sometimes con- 
tinuing to lift the land slowly for many years, as in Norway and Sweden; at 
other times producing an upheaval of several feet in a very short time, and that 
such elevations occur both on land and beneath the ocean. 

In such local elevations, then, I find the efficient cause of the earthquake 
shock, which I define to be a wave of elastic compression, produced either by 
the sudden flexure and constraint of the elastic materials forming a portion of 
the earth’s crust, or by the sudden relief of this constraint by withdrawal of the 
force, or by their giving way, and becoming fractured. 

When a portion of the solid crust of the earth, whether consisting of strati- 
fied or of igneous rock, is urged by forces of elevation from below (of whateve 
sort), having a certain definite elasticity and flexibility, the whole plate of solid 
material above may be viewed as a platform or beam, supported or held fast 
at the edges or ends, and loaded or pressed upwards, more or less uniformly, from 
beneath. If the platform or beam bend under the strain, all the particles 
below a certain neutral plane will be thrown into a state of compression, those 
above it into the opposite condition of extension ; and if this bent and constrained 
condition of the plate or crust be suddenly produced—if the pressure from below 
be suddenly brought upon it, a wave of elastic compression will, at the moment 
of flexure, be produced, and propagated at once in every direction outwards 
from the fixed edges of the plate, or through the surrounding portions of country 
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which have not partaken of the elevation. This wave will be negative above the 
neutral plane, and positive below it. 

Again, after the plate or crust has been so elevated, whether quickly or 
slowly, if the constraining forces be suddenly relaxed, so that the plate, like a 
bent bow, is permitted to become straight again, that is to say, drops down from its 
state of flexure to its former level, or partially towards it, the resilience—the sudden 
return of the extended particles above the neutral plane, and of the compressed 
particles below it to their condition of repose—will produce and propagate in all 
directions a similar wave of elastic compression, which will be positive above the 
neutral plane, and negative below it. Thus, sudden elevation, or sudden depres- 
sion of a tract of country, must always be attended with the production and transit 
through the surrounding crust, whose level has not been disturbed, of an elastic 
wave, or true earthquake shock, even although not preceded in either case by 
dislocation or fracture of the rocky crust ; the amount of extension and compres- 
sion of the particles above and below the neutral plane having been, in these cases, 
within the elastic limits of the particular rocks constituting the elevated crust. 

But again, the elevating forces may act rapidly, as in the case of Monte 
Nuovo, elevated 440 feet in forty-eight hours, in 1538, and continue to act 
until, at length, they do produce fracture and dislocation of the crust above ; 
or they may act very slowly, yet continuously, and at last produce fracture and 
dislocation. In the former case, one wave of elastic compression will be produced 
at the moment that the rocky crust is suddenly bent; and another, and much 
greater one, at the moment that fracture takes place by its giving way, and the 
constraint of the extended and compressed particles is thus released. In the 
latter case, namely, of very slow elevation ending in fracture, there will be no 
earth wave, and no shock until the fracture actually occurs. 

When the earth wave impulse arises from sudden elevation, or sudden 
depression, of a local district, within its elastic limits, and therefore not accompa- 
nied by fracture, the earthquake shock will be felt at a distance; but there may 
be no noise heard, no previous or subsequent rolling sounds in the earth. 

When fracture occurs, on the contrary, the awful noise (the “bramidos 7 
truenos” of the Spanish Americans) will be heard, and, as already explained, may 
precede, continue during, and be heard after, the shock reaches a distant point. 

In the former case also, viz., impulse by sudden elevation or depression, with- 
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out fracture, the earthquake may commence by very gentle shocks, gradually 
increasing in violence, and again diminishing in force.* 

Where the elevated crust consists of horizontally, or nearly horizontally strati- 
fied rock, or of several parallel superimposed masses of independent rock, of what- 
ever sort, those that lie deepest will be first and most bent, and, ceteris paribus, 
will be the first to give way by fracture ; those above them will break in succession, 
and when the area and amount of elevation are very great, each layer or plate of 
the whole elevated crust may be fractured successively at several places, so that 
from a single locus of elevation a number of earth waves may be produced and 
propagated in succession, each constituting a true earthquake shock : nay, even 
after numerous fractures have taken place, the further upheaval and tilting over 
of vast masses of the now broken up plate will, where its thickness is considera- 
ble, produce renewed mutual pressures and violent constraint, in the directions 
of the diagonals of the several tabular blocks, which will afterwards give rise to 
minor shocks, as in the further progress of elevation, the several masses of the 
ruptured crust are raised and freed from each other, and the compression and 
constraint of their elastic particles thus successively removed. (Plate II. fig. 8, 
a. B. y. ., and Description of Plates). 

Where successive fractures at different, but great, depths, take place in this 
way, two distinct systems of elastic waves, one of them having a vertical, and 
the other an horizontal or largely inclined direction of transit, will traverse the 
mass of the earth’s crust, and be felt upon its surface at once; but the 
amplitude of the waves of the former system will be very small, as compared with 
the waves of the latter, and hence an undulating and oscillatory motion will be 
experienced at the surface, accompanied by a sharp upward jar or vibration at 
the same time,—circumstances which have been occasionally recorded as having 
been observed during earthquakes. 

Such, then, I conceive to be the true origin and nature of the earthquake 
shock. It is produced by any force which disturbs the equilibrium of elasticity 
of the materials constituting the crust of the globe, and it is propagated from the 
locus of its origination, in accordance with the laws of transit of elastic waves 
through such materials. 


* See Alison’s Account of the Chilian Earthquake, in February, 1835, Geol. Trans.; and 
Caldcleugh’s Account, Phil. Trans. for 1835. 
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Two points remain, therefore, to be briefly considered, viz., what will be the 
velocity of transit of an elastic wave, so produced, in the various sorts of rock 
with which we are acquainted in the crust of the earth, and what will be the pos- 
sible elevation of the crest, and what the amplitude or length of the wave so 
produced. 

If our knowledge of the moduli of elasticity and of cohesion, of the various 
beds of softer or harder minerals, constituting the whole depth of loose or rocky 
crust of our globe, were perfect, we should be in a condition to answer these 
questions more perfectly ; unfortunately, however, no moduli of elasticity have 
been ascertained for mineral substances, with the exception of a very few, deter- 
mined for the use of the engineer or architect; these few I have tabulated 
below. Scanty as they are, they suffice to illustrate the truth of our theory, and 
to shew that, at this point, mathematics and physics can hereafter render the most 
direct and important services to geology. 
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Referring to this table, we find, to take an example, that a mass of primary 
limestone will extend, before fracture, ;s,z part of its length; or, in round 
numbers, that every 1400 feet in length of a plain of such limestone may, by 
being bent into a curve upwards by any adequate force, be stretched one foot 
in length before rupture takes place any where; hence, if an area of only five 
miles in diameter, consisting of primary limestone, be elevated by any force what- 
ever, acting from beneath, its surface will be extended or stretched no less than 
eighteen feet, or rather more, before fracture takes place, and this, whatever be 
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the depth or thickness of the crust or bent plate. This amount of extension 
will decrease as we descend, until it reaches the neutral plane, where it will be 
evanescent, and at which point compression commences, and which will probably 
be equal to the extension above, at equal distances below the neutral plane. 
Now, at the moment that fracture takes place, and the particles are released from 
this their state of constraint, as action and reaction will be equal, a wave of elastic 
compression will spread itself in every direction from the surfaces of fracture, 
and will pass through the substance and surface of the adjacent country, until 
finally lost and obliterated, owing to the imperfect elasticity of the masses com- 
posing it. 

The amplitude of this wave at the surface will be, guam proxime, half the 
amount of elastic compression or extension due to the substance, and to its dimen- 
sions; thus, in the case assumed, the amount of lateral oscillation or amplitude of 
the great earth wave or shock will be about nine feet at the surface of the sur- 
rounding country. 

As homogeneous elastic bodies are equally elastic in all directions, and as the 
earth’s crust is free to expand upwards, but not downwards, at least not nearly to 
the same extent, so the transit of the elastic wave will be attended with an actual 
undulation of the surface of the country, at the point of transit of the elastic earth 
wave; for every compression or extension of particles in the horizontal ordinate 
must, in its reaction, produce corresponding extension and compression in the 
vertical ; hence, the vertical height of the wave of horizontal transit will depend 
upon the elasticity and the depth of the rock through which the wave passes. 

We have thus shewn that the dimensions of the wave producible by the elas- 
ticity of the earth’s crust are fully sufficient to answer the facts observed in 
earthquake shocks: the example I have given is a mean case ; for harder and 
more elastic rocks the amplitude of the wave will be less, its transit velocity greater ; 
and for formations of less hardness and elasticity, the amplitude greater and the 
transit speed of the wave less. 

But we have further to consider the actual rate of progress of such a wave 
through the solid crust of the globe. This, which may be called the specific 
period of wave transit, will vary for each formation, and depend upon the specific 
elasticity of the mass considered as uniform, and probably, also, in some degree, 
upon its depth. The velocity of transit will be the same as that of sound in 
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the same substance, or, in general, of any force whatever transmitted by 
pulses. 

Here, again, we want numerical data. Hassenfratz and Gay Lussac 
observed, in the quarries under Paris, that sound travels with immense velocity 
in rock, and the same observation has been made in blasting the rocks in the 
Cornish mines; but no measwres of its velocity have been ascertained, and the 
only trustworthy measurements we possess, of the velocity of sound in any 
mineral solids, are those obtained by Biot, as to the time of wave transit through 
cast iron. He found, as has been previously stated, that sound is transmitted 
through cast iron at the rate of 11,090 feet per second. 

If we take the modulus of elasticity for the following rocks from the pre- 
ceding table, and, comparing these with the modulus of cast iron, suppose the 
time of wave transit in each to be proportionate roughly to the square roots of 
their respective moduli, we get the following table of results for the specific 
period of the great earth wave, or shock, through the several sorts of rock 


formation. 
Period of wave transit, or 


velocity in feet per second. 


Tuimestone (softiLias); 6-1) =) lehesh « pallbalm -) os, (ree) «93040 
Sandstone (millstone grit), . . . . - + + « « « + « 5248 
Portland stone\(colite); ©.) (3 3 30 8 4 a sw ONL 
Limestone (primary marble), . . .....- =. + - 6696 
Limestone (hard carboniferous), . . - .- .. - +. + 7075 
Clay slate (Leicestershire), . . . . - » - - + + + « 12757 


Comparing these numbers with the observed speed of the great Lisbon earth 
wave or shock, namely, 1750 feet per second, we find that the result agrees 
sufficiently, making allowance for the loose superficial deposits in which the period 
of the Lisbon wave was observed, and for the retardations produced by breaches 
of continuity therein. Let it be understood, however, that no present importance 
attaches to any of these numbers, which are all but crude approximations, and 
to be viewed as mere illustrations of the application of my theory, rather than as 
proofs of, or deductions from it. 

When correct data shal! have been obtained, when we have found the mo- 
duli of elasticity, and of cohesion, and the limits of extensibility, for all our 
great rock formations, and the changes produced in these by augmentations of 
temperature,—a work capable of easy performance, but requiring multiplied 
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experiments upon different specimens from every known formation of rock, in 
order to get the average result for each formation,—and when, in addition, 
the actual time of transit of the great earth wave or earthquake shock shall have 
been accurately observed, over long ranges, in various formations, and with suit- 
able instruments and precautions, then shall we be in a position not only fully to 
verify the truth of this theory of earthquake motion, but able also to deliver 
into the grasp of the computist, a wide domain of physical geology, hitherto 
én unprofitable waste of uncertainty and conjecture. 

We may notice a few of the more direct applications to geology which 
may be made of our theory, whenever such data are obtained. 

However well modern geologists have surveyed and mapped the formations 
constituting the land which we can see and handle, of the nature of the bottom 
of the great ocean we know nothing; no human eye ever has or ever can behold 
it; we cannot even reach its deep abysses with the sounding line; yet the ocean 
covers nearly three-fourths of our entire globe, and of this vast area the geology 
is an utter blank. If, however, we are enabled hereafter to determine accu- 
rately the time of earthquake shocks, in their passage from land to land, under 
the ocean bed, we shall be enabled almost with certainty to know the sort of 
rock formation through which they have passed, and hence to trace out at least 
approximate geological maps of the floor of the ocean. For, knowing the time 
of transit of the wave, we can find the modulus of elasticity which corresponds 
to it, and finding this, discover the particular species of rock formation to which 
this specific elasticity belongs. 

It is needless to enlarge upon the value to geology of even a very general 
knowledge of the nature of the great ocean beds. Perhaps no single circumstance 
has more retarded our forming distinct perceptions of the great changes, hourly 
occurring, as to the forms and boundaries of sea and land, or which have, at past 
epochs, taken place, than the impossibility of seeing the geological map of the 
world asa whole. The land, or rather a few fragments of the land, alone, we 
have seen, the ocean shrouds the vast remainder; and the imagination can no 
more seize the traces of successive cataclysms, or of the slow but ever-acting 
agencies, by which our globe has been changed and remodelled, by this partial 
and imperfect glimpse, than the statuary could judge of the proportions of the 
muffled figure that presented but part of a single limb to his view. 
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But again, as the height or elevation of the great earth wave is a function of 
the depth of the solid elastic crust which has been put in motion, future accurate 
observations of this coefficient will enable us to determine the actual depth from 
which earthquake dislocation has come, and to which it laterally extends. 

This would throw light upon the otherwise inexplicable facts observed at 
various periods, namely, of earthquake shocks being felt at a given depth, and 
not at the surface of the same place, and wice versd. Thus, in 1802, the miners 
in the deep silver mine of Marienberg, in the Hartz, were frightened from their 
work by a shock which was not perceived by those at the surface; while, in 
1823, the surface shocks felt at Fahlun, in Sweden, were not perceptible under 
ground. Whatever be the depth of the plate, or band of rock, originally dis- 
turbed or constrained, the same will be the depth to which the lateral transit 
of the earth wave will be principally confined. Hence, if the original impulse 
is deep, the shock will be, in some degree, limited to the same plane of level, — 
if superficial, the shock will not extend in depth. 

Again, the amplitude of the wave bears a relation to the diameter or extent 
of the area of original disturbance, or centre of impulse; and hence, observa- 
tions as to this dimension of the earth wave will give some approximate informa- 
tion as to the area of original disturbance, though, perhaps, buried profoundly in 
the ocean. 

Other, not less interesting, but less immediate, deductions will occur, in which 
this application of physics and mathematics to geology may explain some of the 
most obscure and perplexing marks of former movements in the earth’s crust 
that we now behold. Who can explain at present the straight line course, held 
on for miles by faults and dykes, often cutting equally through every formation 
they cross at the surface ?. Who can give a plausible solution of the fissures which 
traverse the coarse conglomerate of the south of Ireland, cleaving with a perfect 
plane, like a sword-cut, through the great quartz pebbles, and through the 
softer cement, alike regardless of changes of texture or of hardness in the mass ? 
May not these, as well as many of the greater fissures now constituting 
mineral veins, be the evidences of dislocation produced by the passage, from 
enormous depths, of elastic waves, whose times of transit have been suddenly 
altered, by passing from one formation to another, at depths altogether below 
our observation or means of present knowledge, lines of broken unison, in 
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fact, in waves that have originated altogether below the ken of our upper 
world? 

While the facility with which one class of our data may be ascertained will 
be disputed by none, it may, perhaps, occur to some that, as earthquakes are 
happily rare, and give no notice of their advent, and moreover, are times of such 
consternation, so but little accuracy is to be hoped for in observations, as to the 
speed or circumstances of the shock, made during such visitations. This might be 
partly true, were we dependent upon the nerve or watchfulness of individual ob- 
servers; but already attention has been given to the contrivance of self-acting instru- 
ments (and instruments, though by no means well devised nor self-registering, have 
been already in use in Scotland, and perhaps elsewhere) for the registration of earth- 
quake shocks; and there can be no doubt that, by earthquake observatories, estab- 
lished, with suitable instruments, at distant localities, in South America or Central 
Asia for instance, where earthquakes, greater or less, are of almost daily occurrence, 
a very complete knowledge of the time of wave transit, and of the amplitude and 
altitude of the earth waves for given districts, would be soon obtained. No instru- 
ments for ascertaining the latter have been yet proposed, but they do not seem 
by any means difficult to devise. It is almost certain that minute earthquake 
shocks frequently pass through almost every part of the earth’s surface, so slight 
as to remain unnoticed for want of instruments to detect them. In February, 1822, 
a slight shock of an earthquake was felt at Lyons, in the south of France ; it was 
not perceptible generally at Paris at all, yet the wave reached and passed beneath 
that city ; for M. Arago, who was engaged at half past 8 o’clock in the morning in 
his magnetic observatory, found that his large magnetic declination needle, which 
was previously quite at rest, suddenly began to swing like a pendulum in the di- 
rection of its length, viz. north and south; and M. Biot, who was at his residence 
in the College de France, observed other analogous phenomena there.* It 
would, therefore, seem very desirable that suitable instruments for earthquake 
registration were, at least, added to all the magnetic observatories now so widely 
extended over the earth, accompanied by proper instructions to the observers,— 
unless, indeed, separate geological observatories be established in favourable 
localities for taking cognizance of all movements of the earth’s crust. 


* See Comptes Rendis.—Prof. Lloyd has also, at a subsequent period, very frequently noticed 
such phenomena at the Magnetic Observatory of the University of Dublin. 
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But another, and much more rapid, and perhaps even certain, method, re- 
mains to be noticed, for obtaining part of our data as to the specific period of 
wave transit, viz. by direct experiment, which in all matters of inductive science 
may be pronounced, whenever it is possible, better than mere observation. 

I have already stated that it is quite immaterial to the truth of my theory of 
earthquake motion what view be adopted, or what mechanism be assigned to 
account for the original impulse ; so, in the determination of the time of transit 
of the elastic wave through the earth’s crust, if we can only produce a wave, it is 
wholly immaterial in what way, or by what method, the original impulse be 
given. 

Now the recent improvements in the art of exploding, at a given instant, 
large masses of gunpowder, at great depths under water, give us the power of 
producing, in fact, an artificial earthquake at pleasure; we can command with 
facility a sufficient impulse to set in motion an earth wave that shall be rendered 
evident by suitable instruments at the distance, probably, of many miles, and 
there is no difficulty in arranging such experiments, so that the explosion shall 
be produced by the observer of the time of transit himself, though at the distance 
of twenty or thirty miles, or that the moment of explosion shall be fixed, and 
the wave period registered by chronometers, at both extremities of the line of 
transit. 

For this alone very moderate charges of powder will answer, but if the explo- 

sion be made out at sea with sufficient energy, there will not only be produced 
the transit of the earth wave and the sound waves through the sea and air, but 
the accumulation and subsequent coming in of the great sea wave, so that all 
the phenomena of the natural earthquake are thus placed within our power of 
production, observation, and control. 

These are experiments, the value of which, to general physics as well as to 
geology, will be admitted ; but they cannot be made without the aid and appli- 
ances which our Government can afford, through the Admiralty and Royal 
Engineer departments. It cannot be doubted, but that application made for such 
assistance, through the Royal Irish Academy, or some other of our learned 
bodies, to the proper authorities, would meet with a favourable reception. 

It is to be remembered, however, that these direct experiments can only give 
the time of wave transit for the substances forming the very uppermost crust of 

VOL. XXI. ) 


98 Mr. Mautet on the Dynamics of Earthquakes. 


the earth. That earthquake shocks often come from profound depths is in a high 
degree probable; and while down to a certain depth we may expect to find the 
density and elasticity of the earth’s crust continually increasing, below this again, 
we must suppose the mineral masses in a more and more softened or even pasty 
condition, as they approach the lower fluid region, and hence possessed of lower 
elasticity. While, therefore, we cannot draw direct conclusions as to the time of 
transit of the wave in the rocks thus circumstanced at profound depths, from its 
time of transit in the solid rocks or superficial deposits of the surface, we may 
reasonably expect to derive information as to some of the physical characters and 
molecular condition of the deep rocks themselves, by comparing observations of 
the actual time of wave transit of natural shocks, coming from great depths, with 
that of natural or artificial shocks traversing at the surface or near it. 

On the other hand, when the modulus of elasticity has been determined for 
theprincipal rocks, at various temperatures, augmenting up to their points of fusion, 
and the same data have been obtained for them in a fluid state, we shall be in a 
position to demand assistance from the mathematician in determining the com- 
plex conditions of horizontal and vertical wave motion in a compound mass, solid 
at the surface, and increasing in density and elasticity down to a certain depth 3 
below this gradually becoming a pasty semi-fluid mass, with probably still in- 
creasing density, but diminishing elasticity ; and finally becoming a dense elastic 
liquid susceptible of fluid wave movements, at still profounder depths. 

Such a question can scarcely be attempted after the data, already alluded to, 
have been obtained, without our deriving some additional knowledge as to the 
constitution of the interior of our planet. 

In the progress of this inquiry, and in consulting very many accounts of 
earthquakes, one thought has been constantly suggested to me, which, although 
not directly belonging to the subject of this paper, may be very briefly noticed. 
While every part of the earth’s surface appears occasionally liable to earthquakes, 
and while volcanic countries are peculiarly so, though by no means remarkable for 
being visited with those of greatest violence, the origin, or centre of disturbance, 
of almost all the greater earthquakes appears to be beneath the sea, and at consi- 
derable distances from active volcanoes, as already observed. At the same time, the 
circumstances of the great sea wave seem to indicate that the centre of disturbance 
is seldom, if ever, very distant from the land. May it not, then, happen that the 
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great general region of local sudden elevation, within which we are to look most 
commonly for the earthquake’s origin, exists as a broad belt surrounding the land; 
within this belt all the diversified deposits of the detritus of the land are con- 
stantly taking place, shifted and modified subsequently by tidal currents, &c. ; 
hence, within this space the isogeothermal planes are in a constant state of fluc- 
tuation, now rising, where a thick coat of badly conducting matter is locally 
deposited, and again rapidly sinking as it is swept away. Such a condition of 
the sea bottom would seem to be the most likely state of things to give rise to 
frequent and sudden local elevations, or even submarine eruptions of molten 
matter, as has been well explained by Herschell and Babbage. 


Since writing the preceding pages, and not before, I have been enabled 
to read the portions of Humboldt’s Cosmos which treats of earthquakes. On 
opening this book I fully expected to have found my views anticipated by the 
great German philosopher. In this, however, I find I was mistaken. While 
admiring the exuberance of facts, the copious sources of far-drawn observation 
of the veteran traveller, I was disappointed to find that Humboldt had not even 
made the attempt to frame a theory of earthquake motion. He notices the 
transit of the shock as of waves of some sort (as many others have done before ), 
and even suggests their production at centres of disturbance, and hints at their 
having some connexion with the elasticity of the rock through which they pass, 
and at their possible mutual intersection and interference; but it is impossible to 
discover (throughout the whole chapter) that he has formed any distinct idea as to 
the nature or mode of propagation of the great earth wave. At one place the 
reader is led to fancy that he speaks of the wave of elastic compression in the 
solid crust, which I contend to be the true earthquake wave ; but again, in finally 
summing up his views, he seems completely to adopt those of Michell. He 
says, “the filling up of fissures with crystalline matter interferes by degrees 
with the free escape of vapours, which, confined, become operative through their 
tension in three ways, concussively, explosively, or suddenly up and down, and, 
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as first observed in a large portion of Sweden, /i/tingly or continuously, and only 
in long periods of time perceptibly altering the level of the sea and land.”’* 

He does not attempt to assign the law of motion of any one of the several 
orders of earthquake waves. The shocks, also, he describes as either horizontal 
and vertical, or rotatory and vorticose in direction ; the two former, he says, are 
almost always observed together, the latter is rare; and instances the Calabrian 
obelisks, &c.; but, like all preceding writers, he leaves the subject without an 
attempt at explanation. 

He also gives, as another instance of vorticose or rotatory movement, the 
twisting of the previously straight furrows of ploughed fields, in the Calabrian 
plain, as recorded by Dolomieu ; confounding, in this case, the distortion produced 
by the slipping of the soil over an inclined and twisted bed upon which it reposed, 
with the true rotation of the obelisks, &c., the real nature of which I have already 
explained. 

When, however, we find Humboldt} seriously ascribing the dome-shaped 
forms of the Puy de Dome and of Chimborazo, to their being hollow bubbles of 
trachyte or dolerite, blown out by elastic vapours at some former period, we see 
the evidence that the greatest minds may be captivated by a favourite fancy, and 
feel no surprise at his adoption of the untenable, but analogous theory of Michell, 
if, indeed, such BE his view, for he leaves the subject in entire doubt. Whilst 
it is impossible to discuss at length the views of Humboldt, at the termination of 
a paper already far too long, I have deemed it necessary not to pass unnoticed the 
opinions of one whose authority is so generally reverenced. 

In having thus attempted the treatment of a vast and difficult subject, I may, 
perhaps, at times have appeared to some to wander into the regions of mere scien- 
tific speculation or romance. Iam not conscious of having done so, but if I have, 
it is pleasant to be sustained even there, and the value of occasionally giving rein to 
the imagination asserted in such words as the following, uttered by a Humboldt : 

«<A philosophic science of nature strives to rise beyond the limited require- 
ments of a bare description of nature. It consists not in the barren accumula- 
tion of isolated facts; the curious, the inquiring spirit of man must be suffered 
to make excursions from the present into the past, still to surmise what cannot be 
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possibly known, and to revel in the old and, under various shapes, ever-recurring 
myths of geognosy.””* 

It is to be wished that something more of this spirit were transferred to the 
fact-worshipping geologists of our day. 

Geology, like every other department of inductive science, to be successfully 
pursued, must at times be followed by the high a prior? road; an elevation must be 
attained which, without superseding the collection and the colligation of facts, 
shall enable us to look down upon and explain them, by seeing their order, con- 
nexion, and agreement with the laws of mechanics, physics, and chemistry. 


DESCRIPTION OF THE PLATES. 
Pruate I.—Map or EartuquakE coTipaL Lines. 


This represents an imaginary portion of the earth’s surface, the seat of earthquake 
disturbance ; the forms of the coast, the depth of soundings, and the geological formations 
of the land, have been arranged for the purpose of evidencing, through the eye, the rela- 
tions, to them and to each other, of the elastic earth wave or shock, and of the great sea wave. 

The uncoloured portions of the map represent the sea, the depth of soundings of which 
are given in two sections, intersecting at right angles, through the point which is the 
origin of the earthquake impulse. These sections, coloured dark grey, shew, by the 
method commonly called “ sectio-planography,” the depths along the right lines forming 
their upper boundaries, which are on the surface of the water. 

The land and the bottom of the intervening sea are supposed to consist of four distinct 
formations, or rather classes of formations, differing in depth and in elasticity, viz. : 

1. Post-tertiary and tertiary deposits. Coloured Yellow. 

2. Upper sedimentary, non-crystallized rock. Coloured Gray. 

3. Lower sedimentary rocks, either stratified, laminated, or erystallized. Coloured Blue. 

4. Igneous or metamorphic, crystallized rocks. Coloured Red. 

Each of these classes may combine several groups of formation, but it is supposed that 
the properties, as a whole, of each class, as to elasticity, &c., are in the above order, pro- 
ceeding from the least to the most elastic. 
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The lines of junction of these groups are indicated by a strong, dotted line, coloured 
according to the formation at either side thereof. 

The centre of impulse, or of earthquake disturbance, is supposed to lie under the bed 
of the sea, at a point directly beneath the intersection of the sections of soundings. 

The dark, continuous, and nearly circular curves, represent the crest of the earth wave 
of shock, at successive small intervals of time, as it traverses each of the formations of the 
map, starting from the centre of impulse; and the fine dotted curves represent the crest of 
the great sea wave, at similar successive small intervals of time, in its progress towards 
the surrounding coasts. The surface lines of the sounding sections thus may be viewed 
as ordinates of time, along which these wave crests may be supposed to move. 

On examining the cotidal curves for the earth wave, it will be remarked that, start- 
ing from a single point in the upper sedimentary rocks, they are perfect closed circles, so 
long as they continue in the original formation; but as soon as they pass the junc- 
tion at one side, they begin to move faster, or have a larger space interval in the 
crystallized and more elastic lower sedimentary rocks, while, at the other side, having 
penetrated into the superficial formations (post-tertiary and tertiary) of lower elasticity, 
they move more slowly, and with a less space interval. Again, when passing from the 
lower sedimentary into the igneous rocks, they reach a formation of still higher elasticity, 
the earth wave crest shows a still greater augmentation of velocity. At the junction of 
the several formations, therefore, the earth wave curve suffer a sudden flexure, produced 
by the sudden change of velocity ; and at these points the direction of transit of the 
earthquake shock not only differs from that at either side of the junction, but continually 
changes along the same line of junction in the progress of the wave. Thus, the earth 
waye, at the interval LV., traverses the junction of the upper and lower sedimentary for- 
mations (to the south-east of the map), in a direction nearly due south; but as it passes 
through the same junction at the intervals V., VI., VII., VIII., 1X., X., and XL, it 
continues to pass through successive points of the compass, until, at X. and XL., its 
transit is made in a direction nearly north-west, and almost at right angles to the direction 
of shock, closely adjacent, within the two formations at either side of the junction. Other 
similar apparent anomalies will be obvious, upon a careful inspection of the earth wave curves 
on other parts of the map. These curves, of course, only represent the crest of the princi- 
pal earth wave. At every sudden flexure there will be many minor divergent waves. 

Referring, now, to the (dotted) cotidal curves of the great sea wave, it will be remarked 
that, as the progress of this wave depends upon a function of the depth, so the originally 
closed and nearly circular curves of the great sea wave become more and more distorted, 
by its transit through the variable depths of the sea, moving with great rapidity in the 
deep water, and here showing a large interval, but moving more and more slowly as the 
water shallows near the coast and in the estuaries. 

It results from this, that the direction of the great sea wave, on its arrival at a dis- 
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tant coast, gives no indication of whence it came, or in what direction it set out; that the 
great sea wave may intersect the direction of the previous earth wave or shock at any 
angle, or even travel in the opposite direction, as, for instance, amongst the islands of the 
tertiary formation, on the coast to the east of the map; and that the interval of succes- 
sion between the shock and the great sea wave will vary in different localities. Thus, 
to the north-east of the map the shock and sea wave follow each other closely in the deep 
water, while at the south-west, in the shallow sea, the earth wave of interval VII. corres- 
ponds to the great sea wave of interval 13 ; and again, to the north-west, in the deep bay, 
the earth wave IX. corresponds to the sea wave 19. 

The diagrams (1, 2, 3) Fig. 9, Plate II., show the variable forms which the closed 
curves of the earth wave cotidal lines may assume, in the same uniform formation, accord- 
ing to the nature and position of the original disturbance. Where, as in (1) this is at a 
single point, the curves will be nearly circular; where the disturbance is along an uniform 
right line, they will be ovals (2); and where the original impulse comes simultaneously 
from several distinct points, the curves will be irregular closed figures of contrary flex- 
ure (3). All these are subject to the changes already described in passing from one for- 
mation to another, 


Prater DT, 


Fig. 1. Diagram illustrative of the internal motions of a fluid wave. (Weber’s Wel- 
lenlehre). The strongly marked curveis the outline of the wave in its transit towards the 
position shown by the similar dotted line. During the period of one phase every fluid 
particle in the wave has described one complete revolution, as indicated by the arrows 
and circles. The latter becomes elliptical in descending in a fluid of given depth. 

Fig. 6. A section illustrating the origination and progress of the great sea wave by 
three diagrams, referring to successive short intervals from the moment of impulse by the 
submarine elevation or eruption. A, shows the single hillock or mass of water first 
elevated. In B, this has formed one great circular or oval wave, and within it a smaller 
one (of oscillation). In C, the further progress to land of the great sea wave is shown, 
and the formation of another wave of oscillation. 

Fig. 3. A section showing the effects upon the great sea wave, of its coming from 
deep water upon a shore, which suddenly shelves by steep escarpments. In D, the great 
sea wave advances as a solitary mass with equal slopes front and rear over the deep sea. 
In E, this has just reached the edge of soundings. The front face of the wave has become 
steep, the rearward slope flattened, and the water at the beach is in the act of receding. 
In F, the solitary wave has broken into several smaller ones, having altitudes bearing rela- 
tion to the shallow water beneath, and the foremost is about to form a great ‘‘ breaker” 
upon the shore, having no longer depth to remain unbroken. 
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Fig. 5. The diagrams N, O, and P, are sections, showing the change of form at succes- 
sive periods, a, b,c, &c., which a tidal or great sea wave undergoes when advancing into an 
estuary or bay, or into shallow water. The front and rear faces are similar, and equally 
sloped, while the wave is over deep water. As this shallows, the forward slope becomes 
steep and impending, the rearward slope flattened, then hollow; and finally the wave 
becomes divided into two or more smaller waves, as at f and g. N refers to a small tide 
or low wave; O and P to large tides or great sea waves of the largest magnitude. 

Fig. 7 illustrates the phenomena presented by the great sea wave, on coming in shore 
upon a gently sloping beach, which has uniformly shallowed from the deep sea. The 
wave here comes in solitary and unbroken, but with a steep and impending front. When 
advanced to G,a great recession of water from the beach occurs. Advancing still further, 
as in H, the shallowness of the water divides the wave, and it falls in a succession of 
breakers upon the land. 

Comparing Figs. 3 and 7, it is obvious that the most violent and destructive sweep on 
land, of the great sea wave, will occur in circumstances, where the depth of water, close 
in to the land, is just sufficient to carry in the wave as one solitary unbroken mass, with a 
steep and impending front. If the water be profoundly deep close to land, and the latter 
<‘jron bound,” the wave comes in with both slopes alike, and does little or no damage. 
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Fig. 2. A section showing the general relations of the earthquake phenomena in their 
successive occurrence. A submarine eruption has just taken place. The earth wave and 
forced sea wave have just arrived at land, marked by a tower falling upon the shore. 
The shock has passed the ships at sea, but the great sea wave and its minor successors 
have as yet not reached them, on their way towards the land. 

Fig. 4 is intended to explain the apparent recession of the sea, at the moment that the 
forced sea wave arrives at the shore with the earth wave or shock. In the section L, the 
undulation of surface of the earth wave or shock is shown (much exaggerated) passing 
along the bed of the sea, which is here shallow, and carrying along upon its crest, and 
with its own velocity, the small aqueous undulation, or heap of pushed up water, denomi- 
nated ‘* the forced sea wave.” In the diagram M, the undulation of the earth wave has 
just reached the shore, has elevated the beach, at the ordinary tide-mark by a height 
equal to its own, and, therefore, has apparently depressed the surface of the water at this 
point by the same amount. The earth wave here leaves the small forced sea wave behind 
it, and the latter breaks and falls in small breakers, or ripples, upon the beach. 
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Fig. 8 shows, by four diagrams, the nature of the forces of extension and compression, 
and the directions of the elastic waves produced either by flexure or fracture. 

In f, the mass of stratified formation is in act of being elevated by the protrusion of 
lava from beneath, carrying up the loose materials reposing upon it. The arrows above 
and below the neutral plane indicate the directions of the compressions and extensions, and 
hence of the transit of elastic waves, if the flexure be of sufficient extent and rapidity to 
produce such. In y, a similar stratified mass is supposed to be in progress of subsidation, 
and the arrows show that all the previous forces remain operative, but changed in direc- 
tion. In 8, the flexure has been attended with fracture, and earth waves have passed 
outwards in all directions, and the diagram shows the directions of compression produced 
by the wedging together of masses of rock in progress of being lifted or tilted over, by 
continued upheaval after previous fracture, by which minor earth waves, subsequent to the 
great shock, may be propagated. 

Fig. 9 has been explained in referring to the map of cotidal lines, Plate I. 
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IV.—On the Objects, Construction, and Use of certain new Instruments for 
Self-registration of the Passage of Earthquake Shocks. By Roxserr 
Matter, Esq., Mem. Ins. C. E., M.R.I.A., Pres. Geol. Soc. Ireland, &c. 


Read June 22,1846. 


INSTRUMENTS previously designed for this purpose have not possessed the 
power of self-registration; they have consisted either in the trace left by the 
motion of a viscid fluid on the containing vessel, when the latter is shaken, or 
they have been upon the principle of the inverted pendulum, or watchmaker’s 
noddy. Instruments so constructed are objectionable, because, having themselves 
times of vibration of their own, which may conflict with those of the earthquake 
shock, they are liable to fail_for want of delicacy. They also possess several 
inconveniences of a mechanical kind, in being adapted to self-registration. 

The objects to be attained in the instruments which the author has had in 
view are: 

The self-registration— 

Ist. Of the time of transit, or “ wave period,” at a given point of the earth’s 
surface, of an earthquake shock, or earth wave, noting same to a small decimal of 
a second of time. 

2nd. Of the vertical element of dimension, or altitude of the earth wave, at 
the moment of its transit, whether the wave be a positive or a negative one. 

3rd. Of the horizontal element of dimension, or amplitude of the wave, at 
the same moment. 

4th. Of the direction, as to azimuth, of the wave transit. 

The principle adopted, by means of which the wave or shock shall act in 
giving motion to the instrument, consists in availing ourselves of the oscillation 

P2 
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of a column of mercury, in two vertical and four horizontal glass tubes, of pecu- 
liar construction. One end of the column of mercury, in each tube, is so adjusted 
just in contact with one pole of a constant galvanic battery, that the oscillation 
produced in the mercurial column by the wave, in passing, breaks contact. ‘The 
time during which the contact remains broken is proportionate to the amount of 
the vertical and horizontal elements of the wave. The breach of contact releases 
one or more of six pencils at the instant of its occurrence, and, until contact is 
restored, either of these continues to describe a trace upon a ruled sheet, placed 
upon a cylindrical barrel, which is carried round by the astronomical clock. The 
length of this trace is, therefore, a graphic representation of the amount of the 
respective element of the wave, and the pencil which marks it indicates the 
direction of the oscillation, whether vertically positive or negative, or horizontally 
from any point of the compass. 

The velocity of wave transit is constant for each instrument, inasmuch as it 
is constant for any given formation upon which the instrument may be estab- 
lished ; hence the time of broken contact is not perplexed by any consideration 
of the velocity of the wave. 

A somewhat similar arrangement marks, upon each of four dials, the hour, 
minute, second, and fraction of a second, at which the crest of the wave has passed 
the point of the observatory, or locus of the instrument. This is of peculiar 
importance, in order to ascertain the rate of progress of the wave between two 
distant observatories. 

The instrument will continue to register by itself for twelve hours at a time, 
and at such an interval its registrations require to be read off and noted. 

It is capable of registering waves of vertical or highly inclined transit, as well 
as those whose motion of translation is horizontal; but in places where waves of 
both orders may be expected to occur simultaneously, certain additions will be 
necessary, in order subsequently to distinguish the recorded elements of each 
system of waves. 
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EXPLANATION OF THE PLATE. 


Fig. 1 is a side elevation of the whole instrument. 

Fig. 2 is an end elevation of the same, omitting the horizontal element 
tubes, to avoid confusion. 

Fig. 3 is an elevation of one face of the transit dials. 

Fig. 4 is an enlarged view of the electro-magnetic apparatus, for the move- 


ment of the registering pencils. 
Figs. 5 and 6 are enlarged views of the upper and lower bulbs of the oscil- 


lation tubes. 

Fig. 7 shews the mode in which the paper is ruled for the registration cylinder. 

The same letters refer to all the figures, as far as is possible. 

The instrument is firmly secured to the surface of a large, heavy slab of 
marble, tenoned into three vertical blocks, a, a, a, which are built into masonry, 
forming the floor of the observatory, 6,5. c¢, a cylinder, formed of staves of red 
cedar, screwed to the circumference of two or more sets of brass arms, and pre- 
pared to receive the sheet of ruled paper, ABC, Fig. 7. The circumference of 
this cylinder is 180 inches, and it is caused to revolve once in a minute, being 
connected with the astronomical clock by the shaft e ; any point in the circum- 
ference, therefore, passes over three inches in a second of time. The horizontal 
axis of the cylinder is supported upon the columns d, d. 

At either side of the cylinder, and parallel to its axis, is a straight bar of 
brass, ff’; each of these carries three separate sets of marking apparatus, at 
equidistant intervals along the bar, the interval being equal to the spaces 
AB, BB’, B’/B’, upon the ruled sheet, viz. twelve inches; and, by means 
of the endless screw, », working into a screw rack on the lower edge of each 
of the bars, and rotation given to the screw and shaft, A, by the clock, a slow 
motion, in the direction of its own length, is given to each bar, so that it moves 
over twelve inches in twelve hours; and then, by a simple coupling, attached to 
the moving gear of the clock, the motion is reversed, and the bars move in the 
opposite direction over twelve inches, at the same rate as before, and so on. 
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These bars, together with their moving gear, the mitre wheels, v, &c., are sup- 
ported by the columns d’, d”, all of which are of brass. 

The portion of the instrument at V receives the oscillation from the vertical 
element of positive or negative waves, and that at H receives the oscillation 
from the horizontal elements of the same, in whatever azimuth. 

p isa glass tube of about =; of an inch in diameter, having at top and bottom 
bulbs blown of the form shewn, and more at large, in Figs. 5 and 6. These 
bulbs are of equal capacity. The tube is so filled with boiled mercury that, 
when closed, the tube being vertical, the lower surface of the mercury shall stand 
at s, in one leg of the syphon, and the upper surface at 7, in the other leg, the 
air being compressed in the lower, and rarified in the upper, bulb, by the insistent 
column. A stout platina wire is sealed into each bulb, and so adjusted as to position 
that the extremity of that in the upper bulb shall just be in metallic contact with 
the surface of the mercurial column, as shewn more at large in Fig. 5. The platina 
wire in the lower bulb is zmmersed in the other end of the mercurial column, as in 
Fig. 6. The wire ¢, from the upper bulb, passes down through the brass column 
0, and is connected with one pole of the small, constant, galvanic battery, v, from 
the opposite pole of which a wire is carried, which, being properly insulated, is 
wound round the bar of soft iron g, first at one end, then at the other, and 
passing down at wu, is finally connected with the platina wire w, sealed into the 
lower bulb of the syphon tube p. 

Thus the bar g becomes an electro-magnet, the current passing round it, 
through the wires, and through the mercurial column in the syphon tube. 

Referring now to Fig. 4, fis the end of the traversing bar before described 
as carrying all the magnets and marking apparatus, of one of which, g is the 
soft iron bar, passing through the screw socket /, and surrounded by the helices 
K, K 5 © is part of the circumference of the large cylinder holding the ruled 
paper; / is a pencil (all the pencils are black at the V side of the cylinder, 
and red at the H side), held in an iron socket, formed in one piece with the 
armature m and with the spring 7, the position and form of which are so adjusted 
that while ever a current continues to pass round the bar g, the armature m is 
held fast in contact with the magnetic pole, and the pencil point kept out of con- 
tact with the ruled paper on the cylinder; but the instant the current ceases, the 
action of the spring 7 presses the pencil point against the paper, and continues it 
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there until the restoration of the current enables the magnet again instantly to 
lift it off; and in the interval, as the cylinder has continued to revolve, the pencil 
has marked a line, the length of which is in proportion to the interval of time 
during which the current was suspended. 

When an earthquake positive wave passes the instrument, a sudden jerk 
upwards is given to the whole instrument; the column of mercury rs is therefore 
momentarily depressed by its inertia, and the upper surface 7, receding from the 
extremity of the wire ¢, contact is broken, and the current ceasing to pass round 
the bar g, it ceases to be magnetic, and the pencil instantly commences to mark 
upon the ruled paper on the cylinder, until, by the restoration of equilibrium in 
the mercurial column, after the transit of the wave, the current is again restored. 

Now, as the depression of the surface of the mercury 7 is proportionate to the 
altitude of the positive wave, and as the length of the mark made by the pencil 
is proportionate to the same, the pencil registers the altitude of the wave. 

It is possible that negative earthquake waves of horizontal transit occasionally 
pass the earth’s surface (those in which the wave crest is a hollow, instead of an 
elevation). Toregister these the syphon tube gis arranged similar in all respects 
to p, except that the arrangement of the wires with reference to the bulbs is 
reversed—the wire in the lower bulb s being just in contact, and that in the upper 
bulb 7, cmmersed in the mercury, so that a sudden jerk downwards, may break 
contact, in place of one wpwards, as in the former case. 

The registrations of p are made with a black pencil, /, on one side of the 
cylinder, and those of g with a red pencil, /’, upon the opposite side, both being 
registered upon the column BAC of the ruled sheet ; two out of the six marking 
apparatus are thus employed; the remaining four apply to the syphon tubes, 
a, B, y, & which register the horizontal element of the wave, and its direction in 
azimuth. These four tubes, only three of which are visible in the figure, are 
placed with their horizontal limbs, 6 and @ north and south; a and y east and 
west. 

The arrangements of the surfaces of the mercurial columns, and of the wires 
and magnets, are precisely similar to those described for the vertical elements, 
except that contact is broken in each case at the surface in the horizontal limb. 
Thus, when the wave passes from south to north, contact is broken in the tube ; 
when from north to south, in the tube é ; and so by east and west shocks. When 
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the direction of shock is at any intermediate point, contact is broken in two tubes 
at once, as, for example, in N and E; and the direction of the wave motion is got 
by taking the resultant of the two motions, as read off from the cylinder paper. 
The wires from the upper bulbs, ¢, €’, ¢’, e’’, and from the lower ones, % ¢'5 7, ¢ 
are connected with the battery «, and with the four separate sets of marking mag- 
nets, of which two are seen at 7’, /’”, in Fig. 2, precisely in the way before de- 
scribed,—all the wires are for convenience twisted together, as there shewn, 
although individually insulated. 

The horizontal elements of North and South waves are marked, the former 
in red, the latter in black, on the column B’/BC’ of the ruled sheet, Fig. 7, and 
those of the East and West waves in black on the column B’ B’C” of the same. 
It is obvious that the ordinate AB on the ruled paper, is that of time, and the 
ordinate AC, or the circumferential motion of the cylinder, that which corres- 
ponds to the dimension and direction of the wave. 

The place in which a pencil mark occurs on the ruled sheet, with reference 
to AB, BB, or B’B”, therefore, roughly determines the time of the shock or wave 
transit ; but it is essential to know this epoch with minute accuracy. Four brass 
dials are therefore connected with the astronomical clock, two of which, p and a, 
are shewn in Fig. 3,—the other two being at the opposite side or at the ends of the 
case 7. These are so arranged, that one dial revolves once in twelve hours ; another, 
once in one hour; the third, once in a minute ; and the fourth, once in a second. 
To each of these is adapted a magnetic marking apparatus, precisely similar to 
those already described, Fig. 4, except that the marking instrument is a fine steel 
point, which strikes the brass, in place of a pencil point, and makes a fine dot, 
capable of being readily burnished out after observation. 

The wires from these magnets carry a current through a mercurial column 
in a single tube, much in the same way as described for the vertical element 
oscillation tubes, but+the range of oscillation of this is extremely limited, so that 
the current is instantly restored, as soon as broken. Thus, at the instant of the 
arrival of the shock, a mark is simultaneously made on each of the four dials, by 
which the time of its passage is registered to a fraction of a second of time. 
The astronomical clock is not shewn in the drawing, to avoid complexity. The 
instrument, as thus designed, is self-registering for twelve hours without atten- 
tion; it must then be examined, and the registrations, if any, read of; but no 
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alteration or re-adjustment is requisite at any time, beyond winding the clock, and 
changing the ruled paper. 

_ It has been suggested that a provision to guard against the effect of expansion 
in the mercurial columns, as affecting the points of contact, rs, &c., may be requi- 
site. The inventor is not of this opinion; but if it be so, the provision is easily 
made. Alterations of temperature will not affect the instrument in any other 
way, so as to derange its action. These instruments are intended for the regis- 
tration of those minute earthquake shocks which have of late been ascertained to 
be so frequent in almost all countries. The principle is applicable to those of 
greater magnitude and force ; but the instrument would require certain modifica- 
tions to meet the greater violence of the motions it would be then called upon to 
record. — 
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V.— Observations on Comets, made at the Observatory of Markree, during the 
first six Months of the Year 1846. By Epwarp Cooper, Esa. 


Read 20th July, 1846. 


THE instruments employed in making the following observations were a comet- 
seeker and meridian circle, both by the Ertels, of Munich; and as the works of 
these distinguished artists are little known in this country, and appear to me of 
very superior construction, a brief notice of them may be acceptable and useful. 
The base of the comet-seeker is a strong, conical, brass column, supported by 
a nearly horizontal tripod, with adjusting screws to set it vertical. There is an 
azimuthal motion, with clamp and opposing tangent screws, for the purpose of 
placing the polar axis in the meridian. It bears a strong brass prism, carrying at 
the eastern side one of Frauenhofer’s clocks, for moving the telescope ; at the 
other, a level, to watch the permanence of its position. The southern face of the 
prism is inclined at an angle approximately equal to the latitude of the place ; 
but, for accurate adjustments, a strong plate of equal dimensions, and to which is 
attached the brass-work carrying the polar axis, lays over this face, having no 
actual contact with it. Across the lower part of the face of the prism is attached 
a small cylindrical steel rod, adapted to which is a groove in the under surface of 
the strong plate. There are four screws for connecting this plate with the prism; 
and besides, two pressure screws at the upper part of the plate, by which the 
upper end can be raised or depressed, while the groove in the under part of the 
plate works upon the cylindrical steel rod on the face of the prism. The polar 
axis is of steel, conical, thirteen inches long, and turns steadily and smoothly in a 
strong tube attached to the plate which I have described, the friction being les- 
sened by a counterpoise, applied as in the Dorpat and Konigsberg equatorials. 
The lower extremity of the axis carries the hour circle, 84 inches diameter, and 
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reading with two verniers to four seconds of time. The upper extremity has, 
first, the apparatus for clock and screw movement; second, the transverse socket, 
in which the cylindrical declination axis turns. This bears the telescope at one 
end, 3.8 English inches aperture, and 31 inches focal length. The magnifying 
power in general use for sweeps is 23, and the field about 2°8’. The glasses are 
by Merz, and define very sharply; the lines in its focus are illuminated in the 
ordinary way. At the other end of this axis is the declination circle, ten inches 
diameter, and reading with two verniers to minutes of space. Here also are fixed 
the tangent screw and clamp, the socket bearing a counterpoise merely to equili- 
brate the telescope, any contrivance for lessening the friction being unnecessary 
here. It is usual to have an apparatus for illumination of the lines in a dark 
field, but there are many comets too faint to bear even this, and by many the 
circular micrometers of Valz and others are used. I, however, prefer one of the 
ordinary construction, in which bars of steel are substituted for the spider lines, 
whose edges are exactly parallel. Three of these, being placed equidistant, serve 
to take the transits by a mean of the disappearance and re-appearance of the 
object, and two at right angles to them, moveable by micrometric screws, give, 
in the same way, differences of declination. The breadth of the bars is five 
minutes of space, and they are always visible without extraneous illumination. 
The perfect finish of this instrument has excited the admiration of all who have 
seen it; and I am of opinion, that, with a finer division of its circles, it might be 
recommended to amateur astronomers as capable of rendering to their science the 
greatest amount of service which can be obtained by an ordinary sacrifice of time 
and money. It stands in a small observatory, connected with the circular enclo- 
sure of my great equatorial, and level with its summit ; it rests on an insulated 
pular, and is covered with a moveable dome. ‘The room is entered from the re- 
volving gallery within the enclosure. 

The German meridian circles are now well known by the labours of Bessel, 
Struve, Schumacher, and others. In the British dominions it has been the prac- 
tice to prefer the combined use of the transit instrument and mural circle, which 
causes a great increase of expense, and requires two observers. These may not 
always act simultaneously ; and it is seldom that two persons meet whose vision is 
similarly affected internally from their natural constitutions, or externally from 


atmospheric influences. The Munich circle does the work of both; its action as 
Q2 
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a transit is in no way disturbed by the clamping of the circle. This is cast of 
bronze, in one piece, which, I conceive, gives it a decided advantage over those 
which have been made in England, of several pieces of brass joined by screws, 
rendering them more liable to disturbance from changes of temperature or strain. 
The German scarcely ever exceed three feet in diameter, French measure; the 
English range in great observatories from five to eight, and, as a consequence ot 
these greater dimensions, are more liable to irregularities of expansion and 
flexure. It may be said that the larger circle can be divided and read more ac- 
curately, but this is not the fact. The divisions of Ertel, Gambey, and Repsold, 
are of astonishing sharpness, and will bear any magnifying power in the reading 
microscopes that can be required. My circle, of which I annex engravings, 
is three feet two inches, English measure, in diameter, and divided to two 
minutes ; these are subdivided by eight microscopes, achromatic, and magnifying 
about thirty-five times, which are supported by a frame, representing the vermier 
circle of the earlier instruments, and, like it, connected with a fine level, by means 
of which any deviation can be measured and corrected. The scale of the level is 
one second of space, = 34, of a French inch. In the transverse, or axis level, the 
scale is the same. The continental astronomers seem now to prefer the micrometer 
microscopes ; and in the meridian instrument constructed for Pulkova they are 
used, four of them being applied to each of the two circles which are carried by 
the extremities of the axis. I have retained the two circles for the sake of sym- 
metry and equilibrium, but one is merely used as a finder, and for giving the 
degrees and minutes, while all the microscopes are applied to the other, as I am 
strongly persuaded that one circle with eight readings gives a better result than 
two with four. The telescope is of unusual power, having seven inches aperture, 
and ten feet focal length, being specially destined to determine the places of very 
small stars. The tube is composed of two frusta of cones, sufficiently strong and 
uniform to be secure from injurious flexure, without the counterpoises formerly 
applied by Reichenbach ; but as a means of guarding against its influence, the 
object glass and eye apparatus can be applied indifferently at either end. Of 
course, the circles and micrometer frame are counterpoised. The field of view 
can be illuminated in the usual way, by a light placed at the end of the axis 
which carries the setting circle, and which is perforated for that purpose ; or the 
lines can be illuminated, in a dark field, by openings in the opposite sides of an 
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eye end, which are covered with semi-transparent glass. This latter contrivance 
has been found of essential service in the observation of faint objects. The re- 
sults from the separate observations speak for the performance of the instrument. 

The observations with comet-seeker were in all cases taken with the steel 
bar micrometer eye-piece, power 30. The eye-piece commonly used in seeking 
for objects has a power of 23, as mentioned above. A power as low as 17 can 
be applied ; but it has been found to admit too much extraneous light, and, on 
the whole, not to be so satisfactory. The places of comets were, as usual, deter- 
mined by differences from some fixed star in the field, the circles of the instru- 
ment being merely used for identification of the star. The small stars observed 
with meridian circle were always taken in a dark field, with illuminated lines. 
The eight microscopes were read in most cases: when, however, want of time 
obliged us to take opposite readings with two microscopes, a correction was 
applied to reduce their mean to the mean of all. 

In reference to the table on page 119, after the numbers for reference, are 
given in the second columns the mean right ascensions and declinations for 1st 
January, 1846; in the third, the annual precessions in right ascension and de- 
clination ; the four following contain the constants for determining the apparent 
places of the stars by the methods now universally practised by astronomers ; the 
eighth column gives the number of observations; the ninth of Table I., the 
initials of the observers, myself and Mr. Graham ; the results of the separate 
observations have been annexed in the last column, when the same star was ob- 
served more than once. The transit corrections were determined from high and 
low stars, assuming the Nautical Almanac places to be correct. As the observa- 
tions for this purpose were generally made by Mr. Graham, it was found neces- 
sary to apply a correction of 0°.40 for personal equation to the transits taken by 
me, Viz. : 

EK. J. C.’s clock correction = A. G.’s—0°.40. 
The separate results, from the mean of which the position of the polar point on 
the circle was determined, are subjoined. These are generally by A. G. The 
refraction tables used here are those by Dr. Robinson, of Armagh. 

The succeeding tables require little explanation after what has been said. 
The longitude of this observatory from Greenwich has been taken at + 0” 33™ 
48°.4. It has been judged most convenient for all to give the mean Greenwich 
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time. The apparent right ascension and declination are determined by the differ- 
ences from the apparent places of the compared stars on the night of observation. 
The sources from which were derived the places of the compared stars, are referred 
to in the last column of all, except that of Gambart’s or Biela’s Comet, where 
the fourth column gives this information. All the stars with Brorsen’s Comet, of 
February 26th, were determined by the meridian circle. The dates without 


places signify that we have made observations, but have not yet the stars of com- 
parison. 
EDWARD J. COOPER. 


MarkREE CastLe, 
July 3, 1846. 
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F Logarithms of FE | 
Mean SIH Ann. ss Results of separate 
Ascension, P >| Observer. Observati 
Jan. 1, 1846. rec. A b ¥ g vations. } 
— —_—_——_ — — | — | 
bom 8s. 8. hms 
1} 23 2 50.55 |+ 2,355 ||4+ 9,1881/— 8.59424 0.3720/+4 9.1462) 1 E. J.C. 
* 
2} 23 31 37.445 2.769 ||-+ 9.1389|— 8.2339 + 0.4424)/+ 9,0819)| 2 A.G. 23 31 37.50 
37.39 
3) 23 31 37.30 2.769 |+ 9.1394 — 8.2344'+ 0.4423/+ 9.0825) 1 E.J.C. | 
4| 23 35 36.52 2.790 ||-+ 9.1320\— 8.2056|/+ 0.4456)+ 9.0727) 1 A.G. | 
5) 23 38 4.94 2.843 || 9.1327|—8.1147/+ 0.4537/+ 9.0734)|1 A.G. 
6) 23 49 49.775 2.971 ||+ 9.1137|— 7.7612) 0.4729]+ 9.0476) 2} EJ.C.&A.G./23 49 49.80. B.C. 
49.75. A.G. 
7) 23 54 27.43 3.015 ||+4+ 9.1228\— 7.5059/+ 0.4793/+ 9.0596) 2 | E.J.C. & A.G.|23 54 27.515. E.L.C.| 
27.344. A.G. | 
8} 23 54 28.68 3.016 ||-+ 9.1205|— 7.5018\+ 0.4794)+ 9.0566 | 1 E.J.C. 
9) 0 2 27.56 3.092 ||-+ 9.0798 + 7.1109|+ 0.4902]+ 8.9999 | 2 A.G. 0 2 27.56 
27.555 | 
10| 0 3 34.885 |43.100 ||+ 9.0664/+ 7.2604|+ 0.4914]+ 8.9803] 1 0.0: 
Mean ine Logarithms of 6 
Declination, P : S| Results of separate Observations. | 
Jan. 1, 1846. ee a’ B a |g | 
eens; 8, h. m, s 
1+ 65 13 56.04 |4+ 19.43 |/+ 9.6085)/+ 9.9444/+ 1.2886 + 9.3924) 1 
* 
2) 61 16 56.415) 19.90 ||+ 9.5008|+ 9.9396/+ 1.2989/+ 9.0916) 2 61 15 56.40 
56.43 
3) 6119 0.59 | 19.90 |+ 9.5006|+ 9.9398|+ 1.2989/+ 9.0916) 1 
4 60 43 6.26 19.94 ||+ 9.4212)+ 9.9381/4 1.2997|/+ 9.0711) 1 | 
5 6044 7.69] 19.96 |/4 9.4705|+ 9.9387/+ 1.3002|+ 8.9800)| 1 
6, 59 .9 59.72 20.03 ||+ 9.4158)+ 9.9334/4+ 1.3018)+ 8.6470)| 2 59 9 59.69. E.J.C. 
59.75. A.G. 
7; 59 50 48.86 20.05 ||+ 9.3782)+ 9.9367|+ 1.3021 + 8.3830) 2 59 50 52.44. E.J.C. | 
45.29. A.G. | 
8 59 40 12,18 20.05 ||+ 9.3800|+ 9.9359/+ 1.3021|+ 8.3812) 1 | 
| 
| 
9) 56 18 28.71 20.05 ||-+ 9.3651|+ 9.9201|+4 1.3022/— 8.0311|| 2 56 18 27.99 
29.43 
10455 6 23.94 |+ 20.05 ||+ 9.3718/+ 9.9139)+ 1.3022|—8.1939)| 1 
RESULTS FOR POLAR POINT ON MERIDIAN CIRCLE: 
1846.—April 14. Polaris, .... . 144° 10’ 34".01 1846.—April 18. Polaris, .......... 33.07 
bp CUCECI@ AISI 6 Seoe a 32.98 bby Jihh «pg ooo On tc S78 32.32 
ROIAFIEIS Eg nelle | oie 32.02 PY EER A ooo coo 33.22 
NGr ey Ursa Bis. <ey ie) ie = « 31.60 bys IMF De Good oo oo 34.10 
a Cassiop. SP... .. 31.67 ID i Ook SOOO OS 32.53 
LRA EMITE 6 G55 60 o alo clas SSS 
Wp BS in PREG eect 56 ho B Buh Mean. . . 144° 10’ 32.65 


* 2 and 3 are probably the same star, supposing an error of 2’ in reading the index of 3. 
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De Vico’s Comet or January 24, 1846. 


Mean Time, Apparent Apparent |Obser-| Instrument. Compared Star. Observations. 
Greenwich. |Right Ascens. | Declination. | vers. 
hm. s. h. m: s. hem. | 45. 
| Feb. 17.37627 | 4 35 57.06 |+ 19 34 12 | E.J.C.| Cometen-Sucher. ppazzi Hora ty. No. 119 
24.37669 | 4 18 23,50 25 30 32 do. do. Bessel Zone 396 = 4 49 29.29 
25.36796 | 4 50 17.30 26 16 2 do. do. Do. do. =. 4 51 32.28 
26.29228| 452 1.79 26 58 53 | do. | Meridian Circle. 
| 
28. ab ad Sele is aedie do, |Cometen-Sucher.| 
March 4.37843 | 5 4 30,02 31 12 57 do. do. Bessel Zone 517 m= 45 4 40.20 
7.38717] 5 11 3.26 38 4 49] A.G. do. Do. 518) ) S58 4.08 
Comet barely visible. 
1). F ao) Sissy W]e do. 
16.57191 | 5 32 11.62 37 48 5 | do. do. Hist. Celeste, p. 309 = 5 28 32 
Last degree of visibility. 
23. jt Ob 8 Go Bens do. do. 
24. ciao Revie Sat bad tree do. | do. 
26.48367 | 5 58 13.00 41 50 54 do. do. Bessel Zone 516 = 5 5 17.81 
28.45201 | 6 3 29.49 42 30 0 do. do. Do. do. = 6 4 41,44 
| 
| _ §6 8 39.95 
30.44245 |6 9 0.83 | 43 7 34| do. do, ype A Eee 
GE SEBO) 
| 3144a72 | 6 11 45.73 | 43 26 8) do, do, Do do. = a eur RB 
|April 17. oo lace oe bam te do. Equatorial. | 


Note.—There is a discrepancy in the declination observations of 30th and 31st March, the 
latter especially, which shews that they are not to be relied on. 

Feb. 17._Second observation this night somewhat uncertain, on account of a minute star at 
one time very near to nucleus. 

Feb. 25.—Very hazy; observation not to be depended on. 

March 7.—Comet barely visible. 

March 11.—Faint to the last degree. 

April 23.—Had disappeared. 


spo BLACADENY, TEE Sterne pe 


i 


1 r ivi 
* aol EY 
Tae 


bo 
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GamBart’s or Brera’s Comet. 


M. T, | 
Mean Time, | Apparent Apparent Green- Distance of ‘Obser- | 
. d Star. | Instrument. 
Greenwich. |Right Ascen.| Declination. Pampered Star wich. Companion. vers. : 
DS Ons 8. hm 8s. In a, In 6. 

Feb. 24.34986 |2 res 39.52/— 6° 8’ 54” B. Z.264—= 2 41 46.57 |.34184|— 216.2 + 216”. 5. E. J.C. \Cometen-Sucher. | 
25.33500/2 51 26.70|\— 7 18 50.5 Do.264= {5 BS wirk: .32523)/— 226.2 + 400.2 do. do. 
28.36281/3 9 53.01|— 8 14 38 Do. 264=3 7 38.80 |.36339/— 242.1 + 441.6) do. do. 

Mar. 4.32603 |3 35 58.61/— 9 30 15 Do. 267 =3 31 43.81 |.33947\— 317.5 + 412.1, do. do. 

6.34041|3 50 7.44/10 9 26 Do. 267 = 2 48 15.46 S05 Companion not | 
visible. | A. G. do. 
24. al ae eC aoe Rs Be eG, cn) To. eye ee Lee OO ete lp, J. C.|Equatorial. 
(Cannot depend on 
this. By chordal 
transits. ) | 
25.36487 |6 27 25.18]—14 30 38.5) Do. 263 = 6 23 19.13 . . |Companion not visi- 
ble in C. S., and | 
very faintin Equa- | 
torial. | do. Spnenen-Eaebiee 
27. Not observed, (hearin Pea a thea . . |Companion not visi-| | 
owing toclouds. ble in C.S.; clouds | 
prevented use of | 
Aiki Gs Equatorial. | do. | do. 
28.36819/6 53 5.26/14 35 0.5 sires ee 50 8.50 |.41694|— 682.0 + 484.0) do. | do. 
ste, ’ | d 
A, ae Svea es, Stan eer ey yer ee TS . . |The observation of 
companion was) 
made by a e 
| transits. do. |Equatorial. 
31. AY Aes Reaves «ee hs adie OA! . . |Companion not seen., do. |Cometen-Sucher. 
Apr. 16. altar ate 2, LA Oo Chel iS een ocean cre . « |Companion not seen. 
Place obtained ; 
| only by diagram.| do. Equatorial. 


Notes. Feb. 24.—Comet S. following has the largest coma. 

March 7.—A. G. searched for the comet but without success. 

March 24.—S. following brighter than it has yet appeared, with strong concentration of light 
in centre. The N. preceding of as great diameter as the other, but equable throughout as to 
light, and was very faint; indeed extremely like Nebula No. 112, Fig. 38, of Sir John Herschel’s 
Catalogue. 

March 25.—Nebulosity immensely diffused, and a bright nucleus. The N. preceding was 
discernible and nomore. The observation of S. following was easy. 
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Mean Time, 
Greenwich. 


Mar. 19.39676 
23. 
26. 
28.35537 
31.37923 

April 16.54966 
18.46609 
23. 


28. 


Mr. Cooper’s Observations on Comets. 


De Vico’s Comer or Frsruary 20, 1846. 


Apparent 
Right Ascens, 


INS itp ety 
0 49 17.62 


31.54 


26.65 


29.06 


21.48 


| 
Obser- 
vers, | 


Apparent 
Declination. 


| 
| 
|--31°35'2.25" 
E.J.C. 

| 
A. G. | 
|+40 9 946/E.3.C. 


|442 44 10.50] do. 


|-+54 59 26 do. 
+5619 44 do. 
do. 
do. 


Instrument. 


do, 


Equatorial. 


do, 


Compared Star. Remarks. 


i} 
| » Andromede. 


| Bessel Zone 443 


| 
| 
| 


— 0 33 2.30 | 
Do. do. 444 = 0 32 55.61 
Hist. Celeste, p. 373 = O 0 48.71 

y 0 0 4.73 
Do. do. 370 A 1 1835 


hems Sill 


A. G. | Cometen-Sucher., Hist. Celeste, p. 350 = (0 45 41.50 | 
| Bessel Zone 


458 = 70 48 44.76 


Votes. March 28.—Nebula of Andromede in the true N. W. part of the field, Cometin S. E. ; 
the combination beautiful; tail of comet extremely well shewn, extending over three-fourths of 


field of view. 


April 23.—Comet round, but irregular in edge, shewing no portion of tail. 


Brorsen’s Comer or Frepruary 26, 1846. 


Mean Time, 
Greenwich. 


| 


Apparent 


| Right Ascens. 
| 


Mar. 23.39022 


| 24.37482 


26.46009 


27.46456 


28.39254 


31.42403 


We ith) Gh 


3) ++ 59 26 : 
| 


Apparent = Obser- 
Declination. | vers. 


Instrument. 


Compared Star. Remarks. 


+ 55° 4’ 33” E.J.C. 
+ 56 30 27} do. 


do. 


~ w 
o 


do. 


+62 145! do. 


+ 65 44 26 do. 


Cometen-Sucher, 


do. 


do. 


do. 


do. 


do. 


aR 


WR SAR 


= 05 3™34°715 2 By Mer. Circle, 
=+ 55° 6'27".47§ E.J.C. 1 Obs. 
= 04 2"27°37 t Bydo, A. G. 
= + 56°18'32”.07 2 Obs. 
23549™49°44 i By do. A. G. & 
=-+ 59°10’ 2”.33 § E.J. C. 2 Obs. 


= 23531™37°00 2 By do. E.J.C. 
= + 61°1657".93 1 Obs. 

= 23 2m 49°88 2 By do. E.J.C.) 
= 1 Obs. 


+ 65°13'55".73 § 
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Brorsen’s Comet or Aprit 30, 1846. 


Mean Time, 
Greenwich. 


27. 

28.48264 
29.47 280 
30,.44243 
| June 1.47706 
3.48291 


4.48782 


Apparent 
Right Ascens. 


6 59 11.15 


7 


0 0.50 
0 37.61 
1 22,24 
1 28.84? 


1 23.50 


| 
Apparent 
Declination. 


+42° 8° 30” 
41 24 41 
40 42 39 
39 25 23 
88 15 2? 


37 42 19 


Obser- 


vers. 


E.J.C, 


do. 


do. 


Instrument. 
Cometen-Sucher. | 
do. 


do. 


do. 


do. 


123 
Compared Star. Remarks. 
ie O09 
Hist. Celeste, p. 208, 655 7.4 
| 
Bessel, Zone 516, 6 56 59.62 | 
Bessel, Zone 509, 6 59 56.50 | 
63 Aurige 
Hist. Celeste, p. 209, 6 58 57.3 | 
Do. p- 209, 6 55 27.5 


_ May 18.—Very bright; kidney shaped, shewing sectors, somewhat similar to Halley's Comet 


in 1835. 


May 20.—About as bright as the Nebula in Andromeda. 


May 29.—Comet well shewn. 


June 1.—Comet barely visible. 
June 3.—Comet and star both very faint. The place of the compared star is determined on 
the supposition that 6 55™ 575.3 in the Histoire Celeste, should be 6" 57™ 57®.3. 


Four stars visible. 


V1—On the Analysis of Discontinuous Functions. By GrorcE Boor, Esq, 


Read 20th July, 1846. 


THE design of this paper is to illustrate the mathematical doctrine of discon- 
tinuity, and to present a few remarks on some connected subjects. We shall 
first deduce in succession three theorems, by which the function /(#) may be 
expressed in subjection to any proposed form of discontinuity. The last of these 
theorems will be identical with Fourier’s, and the second, and probably the first, 
are known; but the connexion in which they will be presented is, perhaps, new, 
and may not be devoid of interest. Subsequently, a theorem will be deduced for 


the discontinuous expression of = which admits of very interesting applica- 
tions to the theory of definite multiple integrals. One such application will form 


the subject of another paper. As respects the theorem of Fourier, usually ex- 
pressed in the form 


(a) — = {) dadv cos(av—av) f(a), (1) 


we shall endeavour to show that the right hand member is to be considered as 
nothing else than an abbreviation, sanctioned by custom, of the expression 


limit of y ‘ {dade «cos (av—wzv) f(a), (2) 
TT J—xwJ0 


k approaching through positive values to 0; and that if this meaning is ne- 
glected,—if the sign of integration relative to v is taken in its ordinary import, 
we have no assurance of the truth of the theorem. It might appear to be super- 
fluous to insist on a position like this, on which the testimony of some writers is 
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so clear and explicit, but that, in point of fact, the views which are very com- 
monly held on this subject are vague and unsatisfactory, as recent discussions 
have tended to show. A hope is entertained that the considerations by which the 
theorem is here deduced will serve to render its real nature less doubtful. In a 
supplementary chapter we shall, by way of further illustration, adduce some 
examples of integrals, which are, in like manner, to be considered as the limits 
to which more general integrals approach, as two quantities, & and k’, approach 
to 0. This will throw some light on the cause of the difference which is some- 
times observed between series and their envelopments, when submitted to a pro- 
cess of definite integration, and will also explain the appearance of the imaginary 
factor in integrals, the subjects of which become infinite within the limits of inte- 
gration. We shall conclude this part of the subject by an application, which, 
though it has no special bearing on the principles above stated, may be thought 
to possess an independent interest. By the aid of Fourier’s theorem, from the 
equation f(w) = « will be deduced a symbolical expression for the value of F(w), 
involving an arbitrary function of x, independent of the form of either f(w) or 
F(w). Particular determinations of this function will lead us to the known 
theorems of Lagrange and Laplace, while its arbitrary character will show that 
these belong to a class of theorems of which the number is infinite. 


1. Those who, commencing the study of the differential calculus at a mature 
age, bring to it amind disciplined by the pursuit of other sciences, feel an insuper- 
able difficulty in admitting, what some writers assert as an axiom or first principle. 
that what is true up to the limit is true at the limit. And doubtless this is an 
unsound induction. The only condition under which we are permitted to pass 
from a series of particular truths to some general proposition is, that every truth 
included in the general may be proved in the particular; unless, indeed, we assert 
an a@ priori principle of continuity, antecedent to all experience, and independent 
of all proof, which were to abandon the dominion of reason for that of intuition. 
But not only is the axiom alluded to unfounded,—it is unnecessary to the purpose 
which it is thought to subserve. The differential calculus is the calculus of 
limits, not of values actually realized. What is, quantitatively, the value of a 
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vanishing fraction under limiting circumstances, we cannot determine from its 
value under other circumstances. Probably it ceases to be a subject of value. 
But the limit to which the series of its known values approximates, is something 
which we may determine, and to which we are able to attach a definite meaning : 
and for all applications this is sufficient. In one form or other the conception of 
a limit is indispensable; but, justly considered, this is a new subject of thought, 
not the basis of a new condition of reasoning. 

in the integral calculus such general considerations may be applied to the 
case of those formule of definite integration, the evaluation of which is made to 
depend on the assumption that some quantity, &, which they involve, is positive. 
We may conceive of such formule as tending to limits, and of theorems in which 
the consideration of those limits is involved. Fourier’s theorem, as has been 
already remarked, is of this class. Our purpose will be accomplished if we shall 
establish this position, and prove its sufficiency by further illustrations. 


2 ; O—= x § 
2. If in the function tan , we suppose 7 < a,and / a positive quantity, 
k pp P q y 


then, as & is diminished, the limit of the values of the function will be 5 This 


is evident. 


If « =a, the limit is 0, the entire series of values being 0. 


If 2 >a, the limit is — 5 
Let 
Af(a) =f(a+ 4a) — f(a), (3) 
then 
at ie a+ Aa—w« ie Si 
Atan ra tan Sg tan ae (4) 


and applying what precedes to each term of the second member, we find that the 
ns . . 7 . . 
limit of their sum is 7, or gy oF 0, according as x lies between a and a + Aa, or 


is equal to a or a + Aa, or lies entirely without those limits. 

In what follows we shall suppose that & is thus diminished, so that by any 
expression involving & we shall understand the limit to which it approaches as / 
approaches to 0. Then 


! ————— tan) f(x) ==) (a) or oe or 0, (5) 


as 
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according as x lies between, upon, or without the limits a and a+ Aa. It 
we wish that f(a’) should vanish for values of # external to p and gy, we shall 
have 


=} tan (*) a tan f(a) = f(x) or aS or 0, (6) 


according as x lies within, upon, or without the limits p and 4. 

As regards the mere expression of discontinuity, this formula is on a par with 
those which will follow, but it is wanting in certain other advantages which they 
possess. 

3. When Aa becomes infinitesimal it may be replaced by da, and the symbol 
A by d, whence, by (4) and its consequences, 


a—x re 
=7 or = or 0, (7) 


J tan- = 
a tan ke 3 
according as v hes between, upon, or without the limits a anda + da. Effecting 
the operation in the first member, we have, under the same conditions, 
kda 7 5 

SFP = OF Ue 

ke +-(a—wx)? 2 
and since, under the two first conditions, the values of a and @ are indefinitely near 
to each other, 

1 kdaf(a) 


Jie aae g 
ae (aa) = f(Z) or-—— or 0. (8) 


= 


AC 


Extend this by integration from p to q, then observing that each half value,—>— oa == 


occurs in two contiguous elements, except the first of them and the last, we have 


kedafla) 7 », fla) 
ee (9) 
according as « lies within, upon, or without the limits p and q. 
If p and g are respectively — » and o, then, for all real and finite values 
of x, 
1c _ kdaf(a 
eS = sla). (10) 
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As regards the expression of discontinuity, this formula is equivalent to (6); but 
we have gained this important point, that 2 only enters the first member in a 


rational form. 
The general formula (9) may be verified thus, for the particular case of 


W/() son 


ka'da 2hra— Se a 
ka" C da. 
? (a—ay a) sa = ka te a ee eae 
ka"da 


= u,, then the above equation gives, on integration, 


Let |" aaa 


1 > 
ul, == ) ka" da + 27u,_.—2°Uy,_,—k’U,_,s 
™ Jp 


which, when & becomes infinitesimal, gives 
ln — 2LUn_, BUy_» = 0, 
an equation of differences, of which the solution is 
Uy, = (c+ e'n)a". 


To determine the constants, we have 


Uy Ge 
u, = (c+ ec')e. 
Hence 
U 
/ I 
C=bh, € = Fm 
therefore 
Un 
i= (w, a ae _ wn) Tie (11) 
Now 


u, = 1, or 3, or 0, 


x 
U, = 4, OF 5, or 0, 


according as 7 lies within, upon, or without the limits p and g. Substituting in 


n 


: ; a, : 
(11) we have in the first case wv, = 2”, im the second wu, = yin the third v,= 0 


as we should expect. ' 
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4. Resuming the formula 


] \" kdaf(a) 


bia) a)_,K+ (a—z)” 


and observing that 
BR heii te nome, PSO NEY 
k4(a—ry ~~ *¢k+ (a—z)/—=1 | k—(a—2)/—13 
— 3 {cE He a9 dy <5 emer ai dv} 


= ‘a « cos(av—.rv) dv, 


we have, on substitution, 
: Mere (es E : . 
ia) = 20 dadve cos(av—wv) f(a), (12) 


which may be written in the form 


Kays = RN dadv cos(av—.axv) f(a), (13) 


provided that the second member be regarded as an abbreviated form of the 
second member of the equation preceding ; according to which assumption 
{, dvg(v) is to be understood to mean the limit of (, ve" (0) for positive 
diminishing values of k. We may call this the extraordinary, or limiting mean- 
ing of the symbol §. . 

But is the formula (13) true, when to the second sign of integration we 
attach its ordinary meaning? If it is true, it must be so either in virtue of the 
principle of continuity assumed @ priori, or because the proposition which is 
affirmed of the integrals is true universally of their elements. The former 
assumption we dismiss; the latter requires us to consider whether the limit of 
« cos(av — rv) is cos(av — av), for all values of v from 0 to » included. It 
is so for all finite values of v; but when v is infinite, the limit of the first ex- 
pression is 0, since the value of e— cos(av—kv), for every positive value of k, is 
nothing. But the second expression becomes cos, respecting which, if we 
were entitled to make any assertion, it would be that it is indefinite. When a 
definite value is assigned to cos ®, it is through that assumption of continuity of 
which we have already spoken, as involving an unauthorized induction. We 
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conclude, therefore, that the second symbol of integration in Fourier’s theorem 
is not to be taken in its ordinary acceptation. 

The peculiar advantage of Fourier’s theorem over (5) and (9) is, that x 
enters into the second member only exponentially, through the cosine. 

5. Resuming the equation 


: UNC . 
WAC) = 2 i dad cos(av—xv) f(a), 
and writing the cosine in its exponential form, we have 
. ES (Ce v= WAP 
flay = HVS dado fer + eV f(a), (4) 


Now 


ey = 


t  7(n) 


n—} ete =I es dw ern — Vgt ( 15) 
Tiny 

the symbol \, being used in its extraordinary or limiting sense. Multiply the 

successive terms of (14) by those of (15) respectively, and we have 


S(&) _ 


F =o3- = 


= nT nr 
a \ dadudw { 0? ta W—1t_ e020 wt) =i} wy"? F(a), 
0 9 


and converting the exponentials into cosines and sines, 


Ae) = =S VA. \ dado cos(av— ro—tw+ — ia ey) (a). (16) 


Of course this theorem only enables us to represent discontinuity relative to «. 
Its advantage, with reference to ¢, is, that it introduces that variable under the 
symbol cosine. ‘The application is reserved for a separate paper. 


SUPPLEMENTARY INVESTIGATIONS. 


1. We have designated as extraordinary or limiting integrals those which are 
to be considered as the limits to which others approximate, as some quantity 


approaches to 0. Of this kind is the integral A dxcos(qx)2"', n being positive, 
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—kr 


which is to be regarded as the limit of the more general integral Vi dae 


cos(qxv)a"~', k being positive, the value of the former being, on this assumption, 


) dxcos(qx)a" = oO cos (n=). (1) 
0 2 

We are hence naturally led to the bine: 548 of such integrals as constitute 
the limiting cases of more general forms, involving two vanishing quantities, / 
and k’, Of this kind would be the integral above mentioned, when 7 should be 
negative, as may be shewn by the following analysis. We have 


Bea) 


) due cos(av)v" | = 
J (pa 


2 5 
wena =) (2) 
cos ( mtan—! = p3 
‘ie. ( a5) = a dve—™ cos(av yo", 
(2+ 2°)? T(2) A 


and 
» dx e** cosgx cos( mtan = 
\ f ( am = " dadve*—** cos (qa) cos (vx) vu" 
° (R-+La’)? — T(n) vo 
T ie 
= OT (n) (u+v); (3) 


provided that 
= al \ dvdxe** cos(va—qu) ev", 
THowo 


1c" : 
== \ dvdxe** cos(va-qu)ye vu", 
FTse0LSE0 


expressions of which the limiting values, with reference to k’, are, by Fourier’s 
theorem, 
sec 1g, 0n.0;a8 9-0, OF G.<), 
v = ¢4(—q)"" or 0, as —q > 0, or —¢g < 0, 
or as g < 0, or g >.0, 
“uftvae “gq, or &1(— q)"' as g > 0, org < 0. 


Hence, taking the limit with reference to &, and substituting in (3). Limit of 


, dxe~* cos(qx) cos (n tan“! a) 
0 (e+ 2°)? = 550) 
s 2 


qs © saa (— ae ao he 
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as g 1S positive or negative. Now if, under the integral sign in the first member, 
we make £’ and & to vanish, we have 
2 Nx 
\ da cos (qx cos = eee 
eee) 


a 


¥ da cosqa m==9) 

f = , 5) 
a” F ne ( 

5 2T (7) cos > 

the upper or lower sign being taken, according as ¢ is positive or negative. The 

first member of this equation is a limiting integral of the second class, and is to 

be regarded as merely an abbreviation of the first member of (4). Taken in any 

other sense, the equation is certainly not true. 


If in (1) we make g = 1, we have 


i dx cos(a) a" = T(2) cos (x 5) 


en) —* (" dxcos(a)a" ; 
cos(n 5) wo 


and if we assume this as the universal definition of P(7), and regard the integral 
in the second member as a limiting one of the first or second class, according as 
7 1s positive or negative, we may deduce the law of continuity of T(n). For 
compare the first members of (1) and (5) with the general form ‘ da cos(x)a*™, 


in which / may be positive or negative ; we have, in the former case, G=Nn=& 
and the equation (1) becomes 


( dx cos(.r) a‘ = (7) cos (5) ; 


0 


in the latter case, g = 1, n = 1 —J, and the equation (5) becomes 


a” me pacar Me Ne ike EI 
\ dx cos(w) a! = 2r(1—Icos((1—1) 5) = 2r(1—l)sin(/5)° 
Whence 
Tv 
T(/)cos 3) = 2r(1—l)sin( 0%) 
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T 
Le 7 

*\ . z«\—=— ——. 
2cos (5) sin (05) sin(/z)’ 
a theorem which is known to be true of I in its ordinary definition, when / lies 


between O and 1, but which, according to the definition of F adopted in this in- 
vestigation, is thus seen to be true universally. 


oT (rl) = (6) 


2. The circumstance of an integral becoming infinite between the limits of 
integration, gives rise, as is well known, to an imaginary term in the function 
expressing its value. When this term is rejected according to Cauchy’s rule, a 
discontinuity of form is observed between the cases of the integral here consi- 
dered, and those in which the integral does not become infinite between the 
limits. Under these circumstances the former of these two cases may be re- 
garded as a limiting one, and of different origin from the other, and this is the 
true explanation of the discontinuity. Thus (/ positive), 


dx cos( lx) 7 =k BG 2COs (Ud) wee 7 as 4 
ia (2° (2+ he) =o‘ > SRL = py in). (7) 


But if, in the first theorem, we change / into hy —1, we have 


Ay dx cos(lz) _ 


77) Ss ——— ay 
array at Rare 5, in (Ch) —W7— 15, cos(th); 


the second member of which includes the rejected term. By an analysis founded 
on Fourier’s theorem we find, however, that the two integrals in (7) are respec- 
tively limits of the following, 

v—ke—k° 
(why k {a —hy-ke?y 


= dxe* cos(/x) 
\ (eh) 

k and k’ vanishing. 
All these circumstances require to be noticed when we compare a definite 
integral with its development. Thus the second theorem of (7) may be obtained 
by developing in descending powers of x, and integrating each term separately 
by (5); but it cannot be obtained from the ascending development. Although 


and \ dave ™ coslx 
2d 


the reason, in this case, is obvious, we are not prepared to lay down any g cweneral 
rule, but we conceive that such a rule must recognise the distinctions which we 
have endeavoured to elucidate. 
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CONNEXION OF FOURIER’S THEOREM WITH THE THEORY OF 
EQUATIONS. 


1. Theorem.—The value, v, of the definite double integral, 
5 NS. dadvesW/=1 f(a, 0/1), (1) 
is symbolically expressed by the equation 
ane 
— (- AG e’), (2) 
provided that, after expansion and differentiation, we assume @ = 0. 
For if 6=0, 
J (a vf =1) = f(a, v/—1¢’) 
= f(a, ef Fle ty/=1) 
== AU: Wain f (a, e’), by Taylor’s theorem, 


Hence =1(8 JZI)# fase). (3) 
1 2 © 
1: x) SJ. dadv &"/=i(yx/ 1) 4 f (a, EE (4) 


Now 
x = 
WN (y4/ 1) = (- _ e(a—z)eXV 1 


when A is a constant quantity ; and if, in the right hand member of (4), we sup- 
pose f(a, €’) to be developed in descending powers of ¢’, then in each term of the 


Oe , : 
expansion, — will be represented by a constant quantity, by virtue of the known 
Pp rT Pp Yi q ys by 


theorem, 
d 
p ay — p(n ye". 
Hence 


a nS = 
ero ZT) f(@e) = (— REV flase 


and substituting in (4), 
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v= (— FE II) aadoe va (a,e) 


by a known form of Fourier’s theorem. 

Since, in this investigation, the function f(a,e¢) may be discontinuous, and 
may be supposed to vanish for all values of a which are not included between 
given limits, it is obvious that the value of the more general integral, 


Syl 
Spe 


(\ dadv eV = f(a, €*), (6) 
will be expressed by the formula 
axe 
v=(—+)*/(2,2), 
when zx lies within those limits, supposed to be real, to which the integration 
relative to a extends, and that it will be O when z lies entirely without those 
limits. 
2. The above premised, let us consider the expression 


Lye a= = 
v= g\ dadvesrv5 w(a), (7) 
which may be written in the form 
ae = dadve? 2) xy elfel-# a) "YAR (q), 
Qn JJ_2 


@ '(a) denoting an arbitrary function of a, to which the inverse form is here 
given for the convenience of a subsequent transformation. 
Let ¢'(a) =a’, thena=¢(a’), da = ¢'(a’) da’, therefore 


1 : = Ais es 
Vv = aZN) daldnce var eee V5 w [p(a')] g(a’) 5 


the value of which, supposing the limits of a’ to be real, and x to lie within those 
limits, is 


v= (— 3)" ee" e[oalo (8) 


the function $() being arbitrary. 
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Now let @(2) = f(a), then /[6(2)] —z = 0, and efm1—) ? = 1, 
therefore 


f | ey eee 
v= F[f(2)] (2). 
Suppose that f(w) =, then 
du 
— F(w) dx’ 


wherefore 
du aye = , ’ 
He) da ( AN cfr! ei b(x)]p'(x). (9) 


dx 


The transformation of the original integral v, by which the first member of this 
equation was obtained, was virtually @ = f'(a’), and that by which the second 
member was obtained was a = ¢(a’), and in both cases a’ must be real. This 
condition requires that a’ and f[¢(a’)] should be both real ; and as the limits of 
a’ determine those of 2, it is necessary that # and /[(#)] should be real, 
Apparently this is the only condition to which ¢(«) is subject. 

From (9) we have 


=} di d ae 

(zs) r(u) Ge — (— Ge)” etm e[ p(y] #'(2). 
Let = 
(fe) Oge= HCO, 


da 
then 


F[o(x)]o (v) = F[$(x)]¢'(2). 


Substituting, and dropping the suffix, 


r= — (— Fyre 42) 6) (10) 


uw being a root of the equation 
Fie) = 2, 
and ¢() an arbitrary function of x, rendering f[@(.)] real. 
3. In order to apply the above theorem, let us write for simplicity, 


x=2—f[9(2)], 


then 
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F(v) = — (— ya o*"v’[b(x)]¢' (x) 


dx. 


x? 


=— (— oe (1 — xeP + = e? i293 a, 3) F (d(x) |p (2) 


fl) 


=r [pay] 4x"[6(0)]6 (2) + 5 Exe [Ooo (4g WOW (OD) 


by virtue of the relation @ (fee = o(n)e”. 


The theorems of Lagrange and Laplace for the expansion of functions are 
particular cases of the above, which, it is seen, includes an infinite diversity of 
particular theorems, corresponding to the different forms which may be attributed 
to ¢(7). To deduce Lagrange’s theorem, we have 


u=«+hf(u). 
“u—hf(u) =z. 
Hence in (11) writing w — hf(w) in the place of f(w), or « — hf(x) in that of 
J («@), we have 
x=ax— $(x) +hAf[G(2)]- 
Let ¢(7) = x, then x =hf(x), and therefore 


R(u) = F(x) Af(a)P'(x4)+ - £ p(aye'(2) dete (12) 


which is Lagrange’s theorem; but every other form of (x), which makes 
(©) — hf [(xr)] real, and therefore, at least, every real form of (x), will give 
a true expansion. 

To deduce Laplace’s theorem, we have 


u=v(r+hfiu)), -. V*(u)—hf(u) = 2. 
Here, therefore, ¥'(2) — hf (x) must be written for f(a), whence 
x=er—v¥'[¢(x)] + h/[¢(2)]. 
Assume (7) = y¥(x), then x = hf [¥(2)], and substituting in (11) 
v(m) = FL) TASH) Mo) (0) +5 So) Vw) Y@).(13) 


which is but one of an infinite number of possible developments. 
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If, in (10), we make #(~) = 7, we have 


d 


and it may be interesting to observe, that the general theorem may be proved from 
the particular one in the following manner : 

Let w = $(v), then, since f(u) = «, we have f[¢(v)] = wv. Hence, in (14), 
changing w into v, and writing fp for f, and F@ for Fr, we have 


d ee ) 
r[9(v)] = —(— ge) HO" F [He 9'(2) 5 


or, 


d 
Fu = — (- a, \eaeete ean F'o(a)9!(2r). 


da 

In this way the general theorems of this paper might have been deduced from 
the particular theorem of Lagrange, but it would have been difficult to foresee 
such a generalization, until, by other methods, it had been shewn to be possible : 
while the connexion of these results with Fourier’s theorem is in itself a very 
interesting fact. 

4. Asa final illustration of the general theorem (11), let it be supposed that 
we are in possession of the solution of the equation /(w) =, which we shall 
represent by « = v, and that we desire to express the solution of the equation 


fu) +F(u) = # 
in a series which shall converge rapidly when f(v) is small. 
Writing in (11) wu for F(w), and f(w) + f(w) for f(w), we have 
x= 0 —S(¢(2)) —f(9(2)). 
Let « — f(¢(x)) = 0, then 9(a) =v, and x = —f(u); therefore, 
ud ao Wah ah ahh Dy he aie ee ee a 
eC) da hs 1.2 Tat XY) dg 1.23 dat) dv a a2 


It may be worth while to observe, in conclusion, that the general theorem (10) 


may be expressed in the somewhat more convenient form 


Nee eee ‘4 
F(u) = eae ce SoS 5 [o(2)]9'(2), (16) 


as is evident on expansion. 
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If r(w) =u, we obtain from the general theorem that root of the equation 
J(u) = x, which is represented by $(v), where v is the least root of the 
equation 

S{oo)] = «x. 

-Methods of determining the form of ¢, so as to accomplish particular objects, 

will suggest themselves to the reader. 
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VIL.—On a certain Multiple Definite Integral. By Grorce Boote, Esq. 


Read 13th April, 1846. 


1. IT has for some time been known that the evaluation of multiple definite 
integrals can in many cases be effected by the employment of discontinuous func- 
tions. M. Lejeune Dirichlet has, in this way, obtained the value of the multiple 
integral, 


On ine rec aa 
Ni cesea acess as 


the limits being given by the inequality, 


He founds his analysis on the properties of the discontinuous function, 


\ do sin  cosrp 
“o p j 


e ee Tv < . s . . ° 
which is equal to = when 7 lies within the limits — 1 and 1, and vanishes when 


r transcends those limits. As a process of integration, M. Dirichlet’s is, perhaps, 
the most remarkable that has ever been published, but it does not appear that 
any account of it has been published in the English language. For his own 
knowledge of it the author of this paper is indebted to an abstract of M. Dirichlet’s 
memoir, with which he was favoured by Mr. Cayley, whose investigations on 
this subject* are scarcely less important, though pursued by a different method. 


* Cambridge Mathematical Journal, Nos. XIV. XV. 
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The idea of the employment of discontinuous functions seems also to have inde- 
pendently occurred to Mr. Ellis,* who makes use of Fourier’s theorem, and is 
thus led to some elegant results, which M. Dirichlet’s process would fail to dis- 
cover. We believe it may ultimately be found that all definite multiple integrals 
of which the finite evaluation is possible, may be resolved into distinct classes, 
each dependent on some primary discontinuous function. In the example sub- 
joined we shall make use of the theorem, 


= aS, 5, dade dw cos } (a—x)o—teo +n hor f @) sa) a) 


in which f(2) may be discontinuous; and the first sign of integration in the 
second member is to be used in the same way as the corresponding one in 
Fourier’s theorem. The two remaining signs are used in the “ limiting’’ sense, 
according to which (ydvp(v), SSdw@(w), are considered as the limits of 
{0 dve"""O(v), ( dwe"”(w) 5 k being a positive quantity approximating to 0. 

2. It is required to evaluate the definite multiple integral 


a ee 
Ae Wee CAH a ae Siti) (2) 
[(4,— x) a (@,— r,)’. J’ 
the number of the variables being », and the integrations limited by the con- 
dition 
pe 22 das ; 

We may remark that the value of this integral cannot be deduced from the for- 
mule of M. Dirichlet and others, although in some cases such generalizations 
may be effected. 
2 - 2 


ee rie \ tp ee : : : F 
Since hi ~ he .. 1s a discontinuous function lying between 0 and 1, we have 


by (1), 
Se + = f :) 1 1p ax ay’ 
i te = - dadi i-1 
Garay ew) NS, S OE SOE TG: 4 


* Cambridge Mathematical Journal, Nos. XIX. XX, XXI. 
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in which, for abbreviation, 


r= (a—F-F..) ofan yaa) jwtiz, (5) 


2 
i i : on Ps 
and since the above expression vanishes whenever eras 73 .. transcends the 


limits assigned in (3), it is evident, that on substitution in (2), we may extend 
the limits of the integrations relative to x, 7,... from — © to », and suppose 
them to be taken in the limiting sense above explained. Hence we have 


—- oe fhe \; dadvdw wf(a)). . dx,dxr,..cos(T). (6) 


We shall first consider the expression 
\ 5 UR 5 G08 (@'). 


Now, arranging tT with reference to the suffixes, 


a 2 


x 2 Ge ae 

..dx,..cos(T)=\ ..dz,..cos (av— 4 v—(a,—.2,)?w—...+7=). 

: &: ) \. ( es ) = 5) 
u 


pees v = wi i awh? ih a, vw 
— oS ; ree 
z h? ' vtwh?/] ' vot hfw 
a,wh, 


Let «,— ——+. = u, the limits of u,, are — » and , and substituting in a 


v + wh? 


similar manner for the other variables, we have 


is S a? : v+h2wo = 
ea, -- cos(T) = {au +. COS (a (et )™ +45 _ +a ut... (7) 


Now by successive applications of the theorem, 


2 


s e ™ Tw 
\ du, cos (atru,’) =F Cos (ax ys 
we find 
.. du, ..du,cos(a—ru2.. —7,U,2) = ——™ cos (4 — 7) 
he \ a ) (FT nTn)? (a ™4 (8) 
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Integrating by this formula the second member of (7), 


n 
7? 


ashe -cos(T) = 5 = +h, 2 = Bao (w—(—*, 5 - «jew 4. 7 


and substituting in (6), 


wo 


v= me : ‘ dadvdw —— wy eae cos (w (ss apt ° .)e 


2 zs) : (a) = 
— Nie 
mn )f (a). (9) 


v v ‘c ; 
Wet —— athena ——— pe and the limits of s are 0 and ~, whence, 
s 2 


we —1 


a, ) : 
mY “dad i@aiae a) pak ma (ao —(aat a 


are 5 


-_ * 


hih...x IR a? 2i-— . 
= apd AN Ne dadeds a att Si cos( ao— i ‘op Aaa) s (a) 


1 1 eS 2 i—— 
Wilson ( inet 2i— 7m \-. 
= 1G) ~o0ve ds lr Brae cos ((a--) lar = \F (a). (10) 


Sa” Q 


n 


if, for simplicity, we write 
g= (sth) (sthy)..(s thy) | 
tee 


a,” a,” an 


et aie a 
Z mv =(—) = cos(a—a)v. 
Substituting this value in (10), we may express the result in the following form, 
SiGe +3 (iGsNtaa eit 
Ri sca Ag ) ) Ms 
as = Sr | 
T(?) hi ore a ob 
: iM Rate 3 
wherein Qg = ay \ dadvcos(a—o)vf(a). But by Fourier’s theorem this value 
WiueetO ven O) 


Hla 


Now cos( 


of Q is equivalent to f(o), when o lies between 0 and 1, and is equal to 0 when 
« transcends those limits. Hence, substituting for Q, we finally get 
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n Ld d ‘= n p 
t+ hifi wage ds (=)"* ¢(0) rs 
r 5 = 5 1 3 ’ = 
@ | |e 
and o being the symmetrical functions of s given in (11), and f(o) being re- 
placed by 0 when o > 1. 


The reader who is acquainted with the researches of M. Dirichlet and Mr. 


v =(-) 


Ellis, will, in various parts of the preceding investigation, be reminded of them, 
and I am anxious to express in the fullest manner my obligations to them. But 
I think it will be evident, that while the methods of those writers apply to classes 
of questions which are mutually distinct, neither of them is, in its actual state, 
applicable to the question of this paper. 


PARTICULAR DEDUCTIONS. 


Ist. Let n = 3, 7 = 4, and let us write xyz for «7,2, and abe for a,a,a,, 
we have 


dudydz f (FZ m + o — taal 3 
= Wiese i 


subject to the inequality, 


xr Y 2 as f 
het fab pee 13 ue 


and its value given by (12) is 


ds(=) J (2) 


= —hAh.h; ee eee 15 
1 EN TER) (ERE) (EADIE oa 
where ae bP & 
x mae nrr ss sae sth ey 


Now the attraction of an ellipsoid of variable density, on an external point, the 
law of force being that of nature, is expressed by the integral, 


dadydz ( (a—a)f (FZ +h are a) dy 
Mie 2} + (b= ae zy a 


= hhh S da \de iF F (0) 
fo 2)(s-Fhe) (6A) 
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But 
digde dh eae, 
da” dads” st+hjdo’ 
hence, 
dy a2 Madsfi(s). 1s 
P? a = 2M fs A (sh?) [(s--h2) (sEh2) (s--heyy OO) 


To the limits c= 0, « = 1, correspond the limits s = #, s =A, A being given 
by the equation 
a b c 
==". 18 
A+h? + Ath, 0 Ath; oe) 
Now the integration in the second member of (17) extends to all positive 
values of s which make o fall see 0 Be “e i e. to all positive values of s 


which lie between A and ow. Let 7 a s+ ie be greater than 1, which im- 
h’ 


plies that the attracted point is external ; o is then positive, and the limits of s 
are accordingly A and #; whence 


Fs tari) oa ey GEIST (19) 


; (is baat i . : : 
Again, let mE + aot = be equal to or less than 1; A is then 0 or negative, 
1 2 Us 


and the limits of s are 0 and »; whence 


ds f (c) 
(EAE) [(SFhe) (8-FAZ) (8 FRE 


This formula determines the attraction in the direction of the axis # when the 


(20) 


dv 
— = dah hh 


attracted point is on the surface or is internal. 
‘To deduce from (19) the common expression for the case of external attrac- 
tion, we must assume 
h; a ei ant 
h? —- s 


and transforming, we get 


= 4h hhna u-duf (c) (21) 
= Atha Waeee =f (hig hey) (MF hep (Ae — hse) 


in a 
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eur Bu? aft Cw 
SES +A i ee ee NYS ny ee ye GRY ED 
In the other we ma me a et 
er case we may assu (ana u. 


It remains to notice a remarkable class of integrals, the values of which can 
be assigned in finite algebraic terms. Mr. Cayley was the first to point out their 
existence, to the discovery of which he was led by performing the operation 


a2 a a2 
ae Ga eae 


on the function which expresses the value of the integral 


\f Chak ahs 
[Gq =4,)) + G2)? - + F (Gata) ]P 


and observing that the single integration which it involves became possible. We 


may remark, that to this class belong the integrals which express the attractions 
of homogeneous ellipsoids, when the law of force is any even inverse power of 
the distance, except the law of gravitation. Shall we say that this is an exception 
to the observed rule, that the constitution of the material universe, and the pos- 
sibilities of analysis, are arranged in a certain mutual harmony, or shall we regard 
it as a fact subservient to some higher principle ? 

We shall only consider the case of an ellipsoid’s attraction when the force 
varies as the inverse fourth power of the distance. None of the results have, we 
believe, been given before, and as they are of a very interesting character, we 
shall dwell upon them at some length; i. e. we shall consider the attractions of 
ellipsoids of uniform and of variable densities, on both external and internal 
points. 


Now the expression for the attraction parallel to the axis 2, in this case, is 


dedydz(a—2) f (E+ 4 er a eae er 6 
iS: [(a—a) + (by) ae 2 es tas 


dardydz f (+4 +4) 


[faa + (by) (e—2)" 


where 
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Assuming in (12) n = 3, 71 = 3, we have 
to) 


Be dsf(c) ' : 
= — 2h h. hn [GER +h GER (23) 


In this expression a is only found in the function o, vide (16); hence 
dy do dy Qa dv 


a dads — s+h?do 


a > 
,dv_—s- 4h, h hyxa ae (24) 


SS 3 s(s--h2)[(s-Eh,) (8h, (s-Fh2)]* 


Suppose, first, the attracted point external, and the density uniform and equal 
to unity; then, as before, determining A by the equation 


a & Ol 
A+ h? Ath? © A$h2” ” 


we see, that in integrating relatively to s, we must, when s is less than A, regard 


- + (25) 


ed : 
J (c) as 0, and therefore epee) as Oalso; that when sis greater than A, f(c) =1, 
o 


and = J(c) is again equal to 0. It appears, therefore, that ae f (ce) vanishes be- 
Lo o 


fore and after the break in the discontinuous function f(o). To find its value at 
the break we must proceed thus. Since o is a function of s, we have 


$ f(=F + Fe) 


ds d 


SG) = Siem 


Now £ F(o) ds is the differential of f(c) relative to s, i.e. the difference of the 


values orf «) preceding and succeeding the break, and this difference is unity. 
With the value of f(c) at the break we have nothing to do, as it does not extend 
to any differential element of s. pei) at the break, 


ys 
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Now — fan 
Ss ce: BR 


do a ie eet Gee 


; Sees au d é : , 
Substituting this in the place of ds et) in (24), changing s into A, and re- 
jecting the integral sign, because all the other elements vanish, we have 

aves 5h, h h,na 


* da r(A+MA)[(A-M!) bh) +h) a | (26) 


which is a finite expression for the attraction of a pu oe mets ellipsoid on an 


external point abc in the direction of a, the law of force bene 7 


If h, =h, =h,=r, and if we make a’+-6?+-c’ = a, we find A = d* — 7", 
and substituting and reducing 
dv Anar® 
—i__ = —_- — 2) 
°da — 30(P—r) (27) 
and this is the result to which we should be led by direct integration, the ellipsoid 


becoming a sphere. 
If a, b,c, or any of them, be very great, we find A = d’, and substituting and 


reducing 
dv Anh hah, a Aa 


it —— — 7 
° da 3 ad? Ape ee) 


where a is the solidity of the ellipsoid. This shews that at a very great distance 
the attraction is the same as if the mass of the ellipsoid were collected at its centre. 
If abc be a point in the surface of the ellipsoid, A = 0, and the expression 


for the attraction is infinite. 
Let us, in the next place, suppose the density variable, the attracted point 


being still external. 
Reasoning as in the last case, we ue that when s =A, the numerator 


d ds 3h Os ei 
ds = — nk (c) in (24) assumes a finite value - == adi 1). This will give rise to a sepa- 
mee ite term. From s=A tos=o ws quantity under the sign of integra- 


River : ; d s 
tion is continuous. Putting, then, det (*) =f (a); we get 
o 
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dy tah, h,h,af( ] ) 
—t—= SARE 5 Sore =  @ 7 Sve.” ay oe 
5 da A(A+h,") [(A+ h,’) (A+ A”) (Ah) }! Ee + (+AS? =F = 


‘ dsf'(a) hed (29) 
S(6E AY) [6+h2) (8 FAY) (sh) 
This expression consists of two parts; the first, which is finite and algebraic, 
snows what the attraction would be if the density throughout were uniform, and 
equal to the density at the surface; the second expresses the effect due to the 
excess of density above, or defect below this uniform state. 

When the particle is internal the finite algebraic term must be rejected, and 
the lower limit of integration in the remaining term must be replaced by 0. 


4 
—trhh,h,a 


POSTSCRIPT. 


The value of the multiple definite integral, 


ze re Lee 
-=\ dade, S (GEA GE +E) 
[(4,—2,)?"+ (@,—2,)?.--- (@,—4,)°" Ew} 


subject to the same limiting conditions as before, will be expressed in the same 
form (12), with this difference only, that 
9 2 9 2 


as a; aa u 
ee ne a Stay aie 


§ 


s 


Apparently this is the most general theorem of the kind; for the expression 
Z(a-+ bx-+ ca’) may, be reduced to the form exhibited in the denominator 
under the index 7. 


Lincotn, Dec. 1845. 
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VIIL—On the Equilibrium and Motion of Solid and Fluid Bodies. By the Rev. 
Samuet Haventon, F. T. C. D. 


Read May 25, 1846. 


THE object of the present paper is to deduce from simple physical considerations 
the laws of equilibrium and motion of elastic solid and fluid bodies, by the 
method followed in the Mecanique Analytique of Lagrange, which possesses the 
remarkable advantage of giving, by the same analysis, the general equations of 
any system, together with the particular conditions to be fulfilled at the limits. 
This method is particularly valuable in such cases as the present, where the 
problem is, to determine the conditions of equilibrium or motion of an indefinite 
number of material points, situated indefinitely near each other, and acting 
according to certain laws; although it may be admitted that the ordinary methods 
usual in mechanics are preferable to Lagrange’s method, in cases where the 
points of application of the forces of the system are definite in number, and 
situated at finite distances from each other. The first application of Lagrange’s 
method to the problem of elastic solids was made by Navier (Mem. de l Institut. 
Tom. VII.), who discussed the laws of equilibrium of a homogeneous uncrystal- 
line solid, but does not appear to have ever undertaken the general problem, or 
to have obtained any dynamical results. The present paper is an attempt to 
apply the same method of Lagrange to the general case of material substances, 
whether fluid or solid, homogeneous or heterogeneous, and whether possessed of 
a crystalline structure or not; and more particularly to investigate the general 
dynamical laws of solid elastic bodies, and the conditions at the limiting surfaces 
which bound the solid. 

In the method of Lagrange the forces in action in such a system as a con- 
tinuous body must be divided into two parts—the external and the internal forces 


of the system; and the general equation of equilibrium is determined by express- 
VOL. XXI. Y 


152 The Rev. S. Haveuton on the Equilibrium and 


ing that the sum of the moments (as defined by Lagrange) of the external forces 
is equal to the sum of the moments of the internal forces; hence the general 
equation of the system is 

SSS (x8E ++ vox + zeQ)dm = SY bvdadydz, (1) 
where , y, z are the coordinates of the position of rest of any molecule (m), and 
r+& y+ 2+, are the coordinates of the same molecule when displaced ; 
and the function v depends on the medium in such a manner that év is the sum 
of the moments of internal forces acting at any point of the medium; and 
§§§ évdadydz represents the sum of all the moments arising from internal forces. 
It appears, therefore, that in investigating the laws of any medium, it is necessary 
to know the form of the function v; being given the form of v, the laws of the 
medium and of the actions of its molecules on each other are known, and vice 
versd, if we know the nature of the medium, we can determine the form of v. 
Hither of two methods may, therefore, be followed, in discussing the conditions 
of a system such as a solid or fluid body; the form of the function v may be 
assumed, and the truth of the assumption afterwards verified,—or the form of the 
function v may be determined from whatever assumption we make, as to the mode 
of action of the molecules of the system on each other: the latter method is used in 
this paper. The assumed definition of solid and fluid bodies is the following: that 
they consist of molecules, which act on each other only in the line joining them ; 
i. e. the whole of the action of one molecule on another is a force in the 
line joining the molecules, and none at all in a direction perpendicular to 
that line. This force is also assumed to be a function of the distance of 
the molecules, and in the case of crystalline structure also of the direction of 
the line joining them. All solid and fluid bodies are either homogeneous or 
heterogeneous in their structure: in homogeneous bodies the molecular forces 
will, ceteris paribus, be the same at all points of the body, but in heterogeneous 
bodies they will vary from point to point of the body, and become functions 
of (wv, y, 2). A crystalline structure is different, and consists in this, that 
the action of the molecules surrounding any molecule (m), depends upon the 
direction in which they lie, and not merely on their distance from (m). In order 
to avoid misconception, it is necessary to state that the molecular forces alone are 
included in the internal forces; the mutual gravitations of the particles towards 
each other, although they might with propriety be called internal forces, are 
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here included among the external forces, as they are quite different from the 
molecular forces, and act at finite distances; and any statement made in reference 
to the function v is to be understood only of the molecular forces, which alone 
are included in it. Also, all such forces as those arising from the pressures of 
the sides of vessels containing a fluid, &c. are excluded from the function v. 

Let (p, a, B, 7) be the original length and direction of the line (mm’) joining 
two molecules ; suppose these to become (p+ p', a+ 0, B+ 6’, 7 +7), where 
(p’, a’, 6’, 7’) are the changes in length and direction ; it is evident that the force 
acting between m and m’ will be, 7m general, a function of (p, a; BY p's @’s Bs 7’): 
and also of (a, y, z); or, if (f) denote this force, it may be represented by 

S=F¥o +28 p +3r,p° + Ke. ; 
Aj + aa? + &e. 
+4 3,6 + 1,6? + &e. (2) 
Oy + cy” + &e. 
Fy Fy &C., Ay By C, &c., being functions of (p, a, 8, ys % Y, %) in general; and 
the part of (/) depending on (p’) arises from the change of distance ; while the 
part depending on (a’, f’, 7’) arises from the change of direction. If we con- 
sider, however, that the change of force produced by a change in direction is 
continuous, while an indefinitely small change of distance developes a finite 
molecular force, it will be evident that we may neglect the part of (/) depending 
on change of direction, together with the part arising from high powers of (p’); 
consequently 
F=*, +25,p + &c., (3) 
where F,, F,, &c., are functions of (p, a, 8, y), and implicitly of (7, y, 2), if exter- 
nal forces act on the system, or if the body be naturally heterogeneous. 

As the force (f) is a force tending to alter p4-p’, its moment will be f-<p' ; 
hence, neglecting the higher powers of p’, we shall have the sum of moments of 
internal forces at a given point, 


v= X( EE p" 4 Fo(p’)*) 5 


v = SSW" ew’ + Fp?) p'sinddpdods, (4) 


0 


and, finally, 


and 
v=Y+tV3 
v, arising from the terms F,, and vy, arising from the terms F,. 
y 2 
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This value of the function v contains all solid and fluid bodies, together with 
the class of bodies which cannot be said to be either solid or perfectly fluid, and 
which are generally called “viscous” fluids. If we knew sufficiently well the 
difference of molecular structure of these different classes of bodies, we should 
be able to determine the proper v for each of them; but in the absence of accu- 
rate knowledge on this point, we must only give the best definition we can of 
solids and fluids, and the agreement of the secondary laws deduced from the defi- 
nition, with the observed laws of these bodies, will be sufficient proof of the cor- 
rectness of the definition founded on their molecular structure. fs 

I define a solid body to be of such a nature that the part of the molecular force 
depending on F, does not exist, so that in a solid body, Fr, and, consequently, v,, 
is zero. In all other bodies, liquid, gaseous, and viscous, the function v will 
contain a part v,, which does not enter into the function peculiar to solid bodies. 
The definition of a solid by means of the assumption that r, and v, are zero, is the 
same thing as supposing that in a solid body the molecular forces equilibrate each 
other, without the aid of external forces; while in fluid bodies the molecular 
forces do not equilibrate themselves without the aid of external forces and pres- 
sures; and this notion of a solid seems to be correct from the nature of the mole- 
cular forces themselves, which appear to be attractive up to a certain distance ; 
but if the distance be still further diminished, the force becomes repulsive. The 
condition v, = 0, may then arise from the molecules of a solid body being placed 
at such distances from each other that they are held in equilibrium by the action 
of powerful, attractive, and repulsive forces acting in opposite directions. How- 
ever, our ignorance of the internal structure of bodies is so great, that such 
considerations as these would be, by themselves, an unsafe foundation for a theory 
of solids and fluids; and the best course is, to use them only as indications of 
the correct definitions, which must themselves be ascertained by the agreement 
of the results they lead to, with the known laws of solid and fluid bodies. 

In following this method in the present paper, I hope to show that the 
presence of v, will produce the equations of hydrostatics and hydrodynamics, 
while the term vy, will give all the laws of solid bodies; so that we have the fol- 
lowing functions ;—for solids, VW = Ke 

for perfect fluids, == TAA 
for viscous fluids, V=v,+YV; 
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In perfect fluids the terms arising from v, may be neglected in comparison 
with those produced by v,, at least in hydrostatics; though I think it probable 
that in hydrodynamics the use of the function v, + v, would be sometimes neces- 
sary. Also in viscous fluids v,, and the terms produced by it, will be very small, 
so that in this case we should always be compelled to use the function v, + v,. 

I now proceed to the investigation of the equations of equilibrium and motion 
of fluids, or bodies in which y= y,. The general equation of equilibrium and 
motion in this case will be 


GSS (x8E + ven + 28¢) dm = SS iv, dadydz, (5) 


we ( \ "Fup -p'sinddpdodg. 


The value of p’, in terms of &, y, ¢, &c., to be substituted in this formula, is thus 
found. Let 2, y, z, wa, y+, z+, be the coordinates of the positions of 
rest of m and m’; then in the altered position of the molecules, if x, y, z become 
vu+t& y+, z+, the coordinates of m’ will become 


1 
rpétat Fat + 7 b+ho 


where 


og Pape ‘al 
ot gt Bie a wh te 


2 oie +7048 


and consequently p-+ p’, being equal to the square root of the sum of squares of 
differences of coordinates of its extreme points, will be expressed by the formula, 


tra [(otdbenred)s (+ bead eit'+ (bor SS} 


from which, by neglecting the smaller i Aa and assuming 


_ dy i dg dy 
~ dz ag an da +5 a Etk dx? 


we obtain 


ptp =pt+ Az nes = cos*y--ucosBcosy-+-v cosacosy--w cosacosp 


and, finally, 
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p= Az ag cos’a — °° sp “2 “cos! *y-+ u cosBcosy + vcosacosy-+- weosueosp (6) 
Substituting this value of p’ in (5), we obtain 
_ ‘ dG ae 
= SG Grn(E cet Mente + Beaty + 


ucosf cosy -+- vcosa cosy + wcosa cosp p’sinddpdédo; 
or, since, 

cosa = cospsiné, cosB = sing siné@, cosy = cosé, 

dy d 
eee a bese + bw bey EN, 
1. €. V, is a homogeneous function of the first order of the six quantities, 
dé dn d 

da’ d ay 7° Boel 
where 

A, = SSS F,. cos*psin°6 p>dpdodd, D, = SSS F,.sindsin*é cos p>dpdédd, 

B, = Si) r,.sin’psin®d p*dpdod@, E, = §§§ F,. cospsin°é cos6 p'dpdéd@, 

Cc, = Si r,.cos*0siné.p’>dpdod@, F, = SSS F,.sin¢cosd.sin’é p*dpdod@; 
but, since in fluids, the structure is not crystalline, F, will not be a function of 
(0, @), but only of p; and by integrating twice with respect to @ and ¢, we 
obtain, 

DE 0, 
AT, aie 
Ay = BSC, =p=5) FE, padp; 


hence we deduce, finally, for the value of v,, the expression 
pe Ue Oe tC 
“= P(Get +a te). sy 


Substituting this expression for v, in the general equation of fluids (5), we obtain 
by the calculus of variations, the following result, 


SS (x85 ++ ven + 28¢)dm = SS peed. "SS + §§ pindxdz + SS pegdady 
1 
SiN (feet +4 on +2 ee da dy dz, (8) 


ay 
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the triple integrals giving the equations of equilibrium, and the double integrals 
giving the conditions at the limits. If the density be expressed by «¢, so that 
dm = edadydz, we have 

a = — «Y= +, — €Z = = (9) 
which are the well-known equations of hydrostatics. It appears from these equa- 
tions that if the forces (x, y, z) be zero at all points of the fluid, the quantity p 
must be constant ; and vice versa, if p be constant for all points of the fluid, the 
forces x, y, z must be zero; in such a case the function v, will not give any inde- 
finite equations of equilibrium, but only the particular condition at the limits ex- 
pressed by the double integrals, which is the same as that found by Lagrange, 
and expresses that there must be a constant normal pressure at each point of the 
limiting surface, equal to p, in order that the fluid should remain in equilibrium. 

The hydrodynamical equations corresponding to (9) are 


hes Fai A 


dp ay 
Te = ex + = 


°F etaate Fh ot B (10) 
which are the equations commonly used in hydrodynamics, and, together with the 
equations (9), are usually deduced from the principle of equality of pressure, of 
which principle they are merely the mathematical expression: but the fact that 
this principle is often not true in the case of fluids in motion, would lead us to 
suppose that though the equations may do well enough as a first approximation, 
yet that in hydrodynamics they are insufficient ; in fact we have, in general, 


v=v,+v,+Vv.+ &e. 


and the terms v,, v,, &c. give rise, in the equations of equilibrium and motion, to 
differential coefficients of the first, second, &c., order ; and in case the supposition 
v =v, becomes insufficient, we must then make v = v,-+ v, and add to the 
differential equations of equilibrium and motion, arising from v,, the additional 
terms produced by v,. I shall return to this subject in a subsequent part of this 
paper, when I have determined the form of the terms produced by v,. 

It appears from (4) that 


v= (00 8, (¢')?-p’sinddpdode, 
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from which the following value for v, may be deduced, by substituting for (p’) its 
value taken from (6), 


2. = a(Z) + (St) +e (sy + Lu? + mv? + nw? (11) 
+2(1 A Ag w) + 2(avw + pow + y,vv) 
+f(olbanlgent)(odhtadtindl)+n( dante 


and if we make dw = p'sin@dpdédq, we shall have the following values for the 
coefficients of the function v,: 


A = 2S r,.cos‘adu, B= 2\Sr,.cos'Bda, c = 2§F,.cos*y dw, 

L = 2§§r,.cos’Bcos*ydw, M= 2SSr,.cos’acos*ydw, N = 2(\\F,.cos*acos’Bdu, 
a, = 2\{SF,.cos*acosBcosydw, B,—= 2SSF,.cos*Bcosyda, y, = 2\\\F,.cos*y cosBdu, 
a, = 2§\SF,.cos*acosydw, B,=2\\Sr,.cos*Bcosacosy dw, 7, = 25S F,.cos*y cosadw, 
a, = 2§\\r,.cos*acosBdu, B,= 2SSr,.cos*Bcosadw,  y, = 2\\\F,.cos*ycosacosBde. 


It appears, therefore, that the form of the function y for solids (in which we have 


v=yV,), 1s that of a homogeneous function of the second order of the six quan- 
dé dy dg 
’ da’ dy’ dz 

tain twenty-one constants, but the function v, which has been just determined, 


tities, » U,V, W. The most general form of such a function would con- 


contains only fifteen constants, although it has the full number of terms. The 
general equation of equilibrium and motion of solid bodies is therefore 

§Sp (xbE ++ ¥en + 2é¢)dm = SS bv,dadydz, (12) 
in which the expression (11) for v, must be substituted, and the equation treated 
in a manner analogous to what has been already done for equation (5), this will 
produce the general equations of equilibrium and motion, and also the conditions 
at the limits expressed by means of double integrals. 

It is important to observe that the function v,, which has been just found for 
solids, is quite different from the function v, used by Professor M‘Cullagh in his 
Mechanical Theory of Light; in that theory the function v, which defines the 
medium whose vibrations produce the sensation of light, is a homogeneous func- 
tion of the second order of the three quantities, 
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dy dg dg d&t d&t dy 
dz dy dx dz dy da’ 
this form of the function being deduced from the equation 
d 
+480, 


dx dz 


which expresses that the medium refuses to change its density. 

It follows from this difference of form of the two functions, that in light the 
molecules of the medium cannot act on each other in the direction of the line 
joining them, for if they did, the function corresponding to the medium should 
contain terms depending on the quantities 


dé dyn dé 
ay ae U; V, W. 
Previously to investigating the differential equations of equilibrium and 
motion, produced by the function v,, it is important to examine whether the 
function v, itself is capable of any simplification in its form by means of a change 
in the direction of the axes of coordinates, to which it is referred; as, if it be 
possible to refer it to particular axes, for which it becomes simplified, this will 
also simplify the equations of equilibrium and motion depending on it, and will 
prove the existence of three rectangular axes in the body at each point, which will 
have an intimate connexion with the molecular structure of the body at every 
point. The equations for transforming &, y, ¢ are 


ae + br! + Ges 

y= dl 4+ by + ¢?¢, 

G = al b+ Cae 
d&é dy dé : 
da’ dy? de’ U, V, w, must be transformed by the aid of these 
three equations, and the transformed values substituted in the function v,; adopt- 


the six quantities, 


ing, for brevity, the following expressions, 


p =2a'a", q = 2b'b", te D2GiCits 
p = 2aa", gq = 2bb", r’ =2cc", 
p= 2aa’, q’ = 2bb’, ri’ = 2Qcc'" 
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1 = be” + bc, m = c a’ + ca if n = ab’ + a’b’, 
U =b"c +b", m=c"ateca"’, nn’ =a"b+ ab", 
“= be +0'ce, m’=ca’ +ca, n’= abl’ + ab, 


and, effecting the transformations, we shall obtain the following values for the six 


quantities, = a = U, V, W, expressed as linear functions of the six transformed 
cae d# dh oa ; 
quantities, Ta” dy dy” dz” Py VES Wa 
dé ust » Arf 2 = 
in? at — +e yt b¢.u' + ae.v +abw, 
fie. ce oi +c ote 7 $i cu +a'c.v +a'b'w’, 
dy — dy 
Ts 113.6 gl ae bc". U ‘al cl" v-+- a/b! w’. 


(13) 


v=p= a ute ok + lo! + mv’ + nw, 


dif J U2 Uh) 
ver g+¢@ = 47k 4 tut mv + al, 


/ 
p” p+ eH ees Wo! mv! + nl’ 

The substitution of these values in the function v, will transform it into another 
form, which still retains the twenty-one terms, though now expressed in terms of 
the six new variables; the coefficients of which will be known functions of the 
nine angles which determine the position of the new axes of coordinates with 
respect to the old axes. Our object is to discover relations among these co- 
efficients which will enable us, by satisfying them with real values of the nine 
cosines (a, b, c, a’, b', ce’, a’, b’, ce), to reduce the function v, to a more simple 
form, and consequently to diminish the number of constants, which, in general, 
is fifteen. 

Let (N52 Jv No Do I» Ny Dy 3) denote the transformed values of (4,,8,.%, 
4.5 Bry Yo» 4 BysY;) 3 the values of these coeffieients, when developed, are, 
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N, = (aa’be + Bab'c! + ca’b''c’) + 3(ula'a” + laa’ + wl’aa’) 
+ (a(p't’ + pl) + Bip" + pl’) + (pl + p'l)) — (ube + MB‘e’ + Nbc’) 
+ a(la+ phe) +A(la? + pic!) + alla? + pd’e”) 
+ a(la? + pbc) + A,(la*+ pc’) + (la? + p'b'c") 
+ a,(l’a?+ p’be) + Bla? + pbc’) + y,(U’a? + pbc") 


3, = (ab'c + Bbc! + cbc") 4-3(L1b'b" + Mlbb” + nibh’) 
4 30,(08 + gbe) + B(+ gic’) + (I + qb’e") 
+ a(lP+q/be) + 38,(1b° + bc’) + (lb? + gb’c") 
o,( 270? a ¢‘be) =e B,( 0b? ob fhe’) + By, (00° a. GabaGm) 
= (ac*b + Bed! + cc’b) 4 3(tle'c" + ml'ce” + nice’) 
aie 3a,(lc? + rbe) +8 (le? + rb'c') + ,(le'?+7rb’c") 
-- a,(U'c? r’be) + 3B,(Uc + r'b’c’) + GAUGE — 7 bc) 
= a,(U/e? + r“be) = B,(lc? ae r'U'c’) 2. 3y,(Uc'” = bc’) 
No = (aa’e + Bae! + cae’) + 3(uma‘a” + mm'aa” + nm’aa’) 
++ 3a,(ma®-pac) + ,(ma’*-+ pa'e’) + (ma"? + pa’'c’) 
+ a,(m'a?+ p'ac) + 3f,(m'a*+p'a'e’) + (mia? + pra’e’) (14) 
+ a,(m’” a@+p’ac) - B,(m"a?— p'a'c! ) + 3y,(m'a Ge + pac’) 
3, = (ab 'ac + Bb?a’c! + cb!?a"’e"’) + 3(Lmb’b" + mm’bb” + nm’bb’) 
$(a(q/m! +4!) + Bul g'm gm") +7 gm! +4/m))— (Lae -+Ma'e'-+Na"e") 
+ a,(mb? + gac) + £,(mb” + ga’ce’) + y,(mb’? + qa’’c’’) 
+a a,(m’b? + q/ac) + B,(m'b"+-q'a'c’) + ya(m'b'” + qa''c"’) 
+ a,(m''b?+ qac) + B,(m"b? +-9a'c’) + 3 (m’"b’” + qa alld Ga) 
dd, = (ac’a + Bea’ + ce!%a") + 3(Lme'e” + mm'ce” + nm'’ce’ 
+ 3a,(me?+ rac) + B,(me? + ra'c’) +,(me’? + rac”) 
+a a,(m'c? + rac) + 3B,(m'ce?+r'a’c’) + ¥, (m'c /12 coe 


+a (mc? +r’ac) + B,(m"ce?+ra'c’) + 3y,(m’’c ,/12 yl! an ce) 
Th Pe 
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N, = (aa°% + Bab! + ca’*b”) 4+ 3(Lna‘a” + un'aa” + nn''aa’ ) 
+ 3a,(na>+pab) + ,(na* + pa'b’) + %,(na'? + pa’b”) 
+ a,(n'a? + p'ab) + 3B,(n'a? + p’a'b’) + (n'a + p'a’'b"’) 
+ a,(n"a” + p’ab) + B3(20a” + p’'a'b’) 4- 3y,(n"a'” + p’a"'b") 
3, = (ab ’a + Bb? a’ + cb’’a"’) + 3(Lnb/b" + mn/bb” + nn''bb’) 
+ 3a,(nb’ + gab) + B,(nb? + qa'b’) + y(nb’? + qa"b’) 
+ a,(n'b? + q'ab) + 3B,(n'b? a q'a'b’) = y(n'b’? + gab’) 
+ a,(nl'B? + q'ab) + B,(nl"b” + q/a'b’) + 3y,(n!/b" + q'a'b") 


), = (ac’ab + Be?a'b! + ce!?a’b") + 3(une'e” + mn'ce” + nn'cc’) 
+ (a,(7'n"! + rn’) + B(7r"n+rn”) +y,(rn' +r'n))— (Lab + ma’b’ + nab”) 
+ a(ne>+rab) + 8,(ne?+ra’b')  +4,(ne'? + ra’'b") 
+ a,(n'c + r’ab) + B,(n'c” + r'a'b’) + Yo( nc!” + TOO a) 
+ a,(n''e? + rab) + B,( ne” + rab’) + ¥5( n''¢!” +. r'al'b"’) 


In obtaining the foregoing values of the coefficients, use has been made of the 
following relations among the nine angles: 
a='e” —b'e', a =b"c—be"’”, a’ =be’— be, 
b= cla! N00) 9 bs h0da 00s ee eC eo. 
C010 = 00 ee Ch ee Ce 
which may be easily seen to be identically true. 
It can be proved from the values of the nine coefficients which have been 
P 
given, that there exists a real system of rectangular axes at each point of the 


body, for which the following equations are true, 
Nie ev ny Pe = 0) tas Has; (15) 
for, we obtain from (14), since, p+ qg+r=0, p'’+q'+r'=0, ke. &e. 
Ni t2:+3):= (4—x)be +(B—m)b'c’ + (c — N)b"c” 
+ (a +Bi+ 1) + (a2 + Ba + V2)!" + (4, + B+ 2) 0": 
N. + 2.+), = (a ~ L)ac + (B —m)a'c’ + (c — nae” 
+ (Gq +B, +11)m + (+B. +%2)m! + (45+Bs +75)" 
N; +2; +9,= (a— )ab+ (B — M)a’b! + (c — n)a’b” 
+ (G4 +h +1) + (4,+, +2)’ + (4, +B,+7,)n”. 
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Hence, equations (15) are equivalent to 
(a—1)be + (B — m)b/c! + (c — nbc" 
+ (a + Bi + 1)E + (a, +B, + 12)! + (as + Bs + 15)0" = 9, 
(a —L)ac + (B — M)a’c’ + (c — n)a”’c” 
+ (a+ Bin )m + (a+ B+ Y2)m! + (a;+ Bry, )m” = 0, (16) 
(a — L)ab + (B — m)a’b’ + (c — n)a’b” 
+ (4 + Bi 1) + (4 + Be +2)0 + (4; + Bs + 15)2” = 0. 


It is possible to find a unique system of rectangular coordinates for which these 
equations shall be true; for assume the ellipsoid, whose equation is 


(a—1L)a@ + (B—n)y’* + (c —N)2? 
+ 2(a4,+ 8+ )yz + 2(a, + B+ Y2)22 + 2(a,+ 6, +7;)ry = 1, 


and transform it by the formula, 


«=a +’ +27, 

yaar + by’ + eZ, 

ze aaa’ t+ by'+ eZ, 
the coefficients of the rectangles will become the expressions (16), and, conse- 
quently, for axes of coordinates coinciding in direction with the axes of this 
ellipsoid, the equations (15), (16) will be satisfied. 

The function y,, referred to these axes of coordinates, will have the number 
of its constants diminished by three, and consequently the total number will ulti- 
mately be twelve ; it does not appear possible to banish a greater number by any 
transformation with rectangular coordinates, as in this transformation we have 
only three independent variables ; with oblique coordinates, however, we should 
have six, and it is quite possible that there should exist in solid bodies an oblique 
system of axes, which would simplify still further the form of the function v,. 
Such a system of axes, as well as the rectangular system just determined, would 
have an intimate connexion with the molecular structure of the body; though it 
is not easy to see exactly what that connexion would denote. 

It may be useful to notice here a remarkable relation which exists between 
the function v, and a certain surface of the fourth order, whose properties have a 
great similarity to those of the function; and the connexion between them is 
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such that a knowledge of any properties of the one must throw a corresponding 
light on the other. This surface is, 

(a0! + ny! + ce!) + 6(1y%2* + mas? + Nay’) (17) 
$4ye(3a,2" By yc") +402(a,0°+38,y" 7.2") +4:0y (250° By +37,2°) = 1 
The relation existing between this surface and the function v, is the following: 
that, if this surface be referred to a new system of rectangular coordinates, the 
new coefficients will be expressed by the same functions of the nine angles as the 
coefficients of the function v,, when similarly changed by a transformation of co- 
ordinates ; so that the relations (15) may be established among the coefficients 
of the surface (17), and vice versa, if we knew any geometrical properties which 
would reduce the surface, there would exist corresponding properties of the 
function v, which would throw light on the nature of the medium represented 
by v,. The relation which exists between the function v, and the surface (17) 
may be proved as follows; the surface may be put into the following form: 


[a(a*) + w(y*)? + e(2*)"] + [-Qyz)’ + M(2a2)° + n(2ay)"] 
+ 2[ u(y") (2) + m(a°) (2) + (2°) (y*)] + 2[a(22y) (222) + B,(2xy) (2yz 
+ ¥5(202) (2y2)] 

(2yz)(a(2*) + By") + n(2)) 

(2az) (a,(2°) + B(y") + 72(2")) 

(2ry) (a,(2°) + B,(y*) + ¥3(2)) 
which is the same function of the six quantities, 2°, y°, 2°, 2yz, 2xz, 2ay, that v, 
: dé dy d 
is of — aa’ 7 “s 
PP =ax?t Py? +02” + be.(2/2') + EAC 2’) + ab(2z'y’), 
yi = alta 4 By? 4 Pe 4 Vel (2y'z) + ale (2x'2’) + a'¥ (22'y), 
ae alr 4 Wy? + 2 40! (2y'z) +c! (2a'2') +06" (22'y'), (18) 
Qyz = px” + qy” + 72” + U(2y'2') + m(22'2') + n(22'y’), 
Qez = pa? tefy? tr'2? 41 (2y'2’) + m'(22'2') + n'(22'y’), 
Day = pla + gy” + r'2® + (2y'a!) + ml(2a’z!) 4 nl! (2a'y'). 
These equations of transformation, having the same coefficients as the equations 
(13), prove, that the transformation of the surface (17) will produce the same 
coefficients as the transformation of the function v,. 


» U,V, Ww. Also, it may be easily seen that 
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I shall now proceed to determine the differential equations of equilibrium and 
motion arising from (12), which is the general equation applicable to all solid 
bodies, and common to them and fluids. 

Substituting for v, its value (11), we obtain, by the calculus of variations, 


Wividedyde = SE pata “i +™M = ar au +av+a sw )tdyde 


ar Wer a i +Ag os nit Zi 4 au +av+ nw )enrdyde 


4 (5 (uF 1s Lng + yu +uMv+ aw eedyde 


d 
vot woe tN + Bu + Biv + Bw )ondeds 


~ 


( 
+\V(aoe HAG tgs + Le + ay + Baw Jide 


v 


+f eee +B, ? te ae + p,u + av + NW ded 


( 
+WV(ck+u e+e tH +1 +0 )idady 
( 
( 


dé dy dé 
eet Peay Hae + 0 + Mv + aw )éédady 


+{f 3 +B, ath “pw + vv + B.w endedy 


Pe PE PE 

r NC ae te aa 2( 4 \dydz * “dadz * os Tay) ded 
ay ay ay Th ay ad ay dy 

. (M(« “Sax + Bs ae ss Tg, dz 2(a ‘dadz wy Pid + Bs d Inks) )eetedyde 


Nef tae (ail nif +a fh) 
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eae al pe ay &n : 
(Weg + Liana in “bast Gee ae dady +B, aah Tris) indy 

oe xe 

Gr ‘ay ye wie is “ie ; 2( Bz ean “dyds zt %s d. i) eae 


e PE DE Me : 
WG 1% Gat % de Tat 2( Bag: ttgade |! daw Tay) Jeni 


OF ae Snee 

We §(S(egs+ i eae Loot (nas an ily +y,-> ELLE + 7 at:)) a¢dadydz 
VE ae we Gite 

= (SS(1e 55 dz? + ay, rag B, Tt? (wag: + SAS +a 1 am ian)) é¢dadydz 


= dy dy dyn I ay dn dy eee 
§W(ug dat “ag t Pipa th? (x ‘dedz +? dedy T + Fr) )eedodyd 


Hence, finally, equation (12) becomes 


SMS e(xbé + vn + zig )dadydz = A — SS (P,eé + Q,oy + R,E¢)dadydz, (19) 
where e denotes the density, A the sum of the nine double integrals, which 
belong exclusively to the limits, and P,, Q,, R, the coefficients of &é, oy, &¢, in the 
triple integrals, which give the indefinite equations of equilibrium and motion. 


The equations of equilibrium and motion of solid bodies deduced from (19), are 
the following : 


H = 25 =, mers Oo. SS Sm (20) 
an 

oas dy a? 

n= x+p, eon = 49, cSaath, (21) 


These are the most general equations of equilibrium and motion, and P,, Q,, R, are 
expressed in their most general form, without making any supposition as to the 
arrangement of the molecules of the body. 

In order to express the conditions at the limits produced by A, it will be 
convenient to make use of the following transformation of the equation (19). 
Let 


dy 


a(®) Ete +oM Oey au bev baw 
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2=— =e no +S pw FE 4 put ay +6 
aa) 


ay Ss olf dé 


I = ne) Ee -- M az Leet aw baw +48 
dz 
— dv, __ dy dé 
2 ae at Bayt ma + Lu + 7;V + Bw 
oa dv, __ dy dé 
lame aaa sat hate ae ia est ai il 
_2 ON dy dg A 
I=7T- Te thge ty 27 BaD GY i NW 
It appears, from inspection of equation (19), that it may be thrown into the 
form, 
GSS e( x8 + Yon + 28¢)dadydz = SS (Noe + Dey + OC) dydz 


+S (aby +58 + 58)dedz (22) 
H+ YS (AeE + 1085 + boy )dady 
—SNN(GE + + eH (B+ Et Bert Gt EtG i aed 
dx as dy dz eda dz) dg ? 
and, consequently, the equations of equilibrium and motion become 


d dy 
xe N 


2) 
dx ave ie 


d 
eae 
dy 


dx 


da ds eat ay 
ate =0 (23) 
ds 
dx 


dy oe 
hate dz ati +9 a el 
and 


ve _ dx di 
de ae +2 ote 
3 i 
Ge i a8 db 
‘GH ct Tee Ti age dx ian 
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If w represent the element of the bounding surface, and (A, , v) the angles 
made by the normal with axes of coordinates, and (2, ®, ¥) the particular forces 
acting at the limits of the solid; the equation of condition to be satisfied by the 
limits will be 

§§( 20é + boy + ¥EC)w = A; 
but we have 

A= {§(Ncosd + ycosu + cosy) wee + [§ (acosu + 4cosy + Jcosr) wey 

+§(cosv + cosr + dcosn) woe 


because 
dydz=weosA, dadz=wcosu, dady = wcosr, 


therefore 
= = ncosA + Jcosu + w2cosy 


= acosu + dcosy + JcosA (25) 
¥ = )cosy + »cosA + 5cosu 
will be the equations of condition to be satisfied at the limiting surface. If the 
limits be fixed, then we shall have A =0, without any equation of condition; 
and if the surface be perfectly free, we shall have 
ncosA + Jcosu + acosy = 0 
acosu + d5cosy + dcosA = 0 
jycosy + »wcosA+ 5cosu = 0 
I shall now proceed to the laws of propagation and transmission of waves in 


an elastic erystalline solid, no external forces acting ; and afterwards consider some 
more particular cases of the theory, which will tend to throw light on the general 


method used in this Paper. 
The differential equations of motion to be integrated are : 


his hts ZENS Gees igs PE We in) 
“de — de FN pa Me Tae 2( 1 “dydz er * dadz nag “3 di vdy 
S ul dy he EN ad? ay a ay dy .) 
Tits dp t eae 2(a dade * ™ dedy +? dydz 


ne LP oe na nes ae a .) 
+ gga TBs apy Ye +2(075 1 3 ds dydz PM ede 


Motion of Solid and Fluid Bodies. 169 


cop = Sag t bag + Gat 2( Bagh + *aaty* ae 
+ agit net oT +2(8 ang tag dydz * +0 ae 
+ Big bgt gat? Braga + gags + oN 

Te eget ge t hay t?(doaniy + hades + eas) 
+n otha et 2 (wags + amas + * aay) 
+g tat Ate (waee + Aan +h Laas 


To these equations of motion we must add the equation of continuity, 

dé (dé d dy dé 

atiat a + a)=° (27) 
and we shall have four equations to re the four quantities (& y, % ¢) as 
functions of (, y, z,¢), « being the original density, and ’ the variable density 
at any point. The general integral of these equations is hardly to be expected 
in the present state of the integral calculus ; but there exists a particular integral, 


which represents the case of plane waves, and which leads to many important re- 
sults. Let 


E=cosa.f(d), y=cosB. flo), C=cosy.f(o), gp=le+my+nz — vi, 
where (a, 8, y) denote the direction of vibration of molecules, (/, m, 7) the direc- 
tion of normal to wave-plane, and v the velocity of waves. The question to be 
determined is the following: given (/, m, 2), to determine, by substituting (&, 1, ¢) 
in the equations of motion, whether it is possible to find real values of (a, 8, y, 7), 
for which such a direction of wave-plane is possible. 
Substituting the values of (& , ¢) in the equations (26), we obtain the fol- 

lowing equations of condition : 

ev’.cosa = p’cosa + n’cosB + G’cosy, 

ev’.cosB = Q’cosB + F’cosy + Hn’cosa, (28) 

ev.cosy = R’cosy + G’cosa + F’cosp; 

2A 2 ~ 
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where 
'=al +nm + mn? + 2amn + 2a,ln + 2a,lm, 


Pp 
Q =m tin? +n? + 28,mn + 28,ln + 28,dn, 
Rr =cn? +2 + um? + 2y,mn + 2y,ln + 2y,ln, (29) 
KF sal + Bm? + yw + 2umn + 2y,ln + 28,/m, 
Go sal’ + pm + yn? + 2y,mn-+ 2uln + 2am, 
nw’ al’ + By? + yn? + 28,mn + 2aln + 2nlm. 
Now, it is a known property of surfaces of the second order, that if the equation 
of a surface be 
Pa? + aly? + R’2? + 2e'yz + 2a’az + Qn'ey = 1, (30) 
that the equations (28) will determine the directions and magnitudes of the axes 
of the surface :* the directions being (a, 8, y), which have three sets of values ; 
and also, if (a, 6, ¢) denote the lengths of the axes, they are determined by the 
equation, 
pee beg 
litle (er 
ev” having three values corresponding to the three sets of values of (a, B, y). 
Hence we may deduce a geometrical construction for the direction of vibration 


ay = 


of molecules corresponding to a given direction of wave-plane. 
Construct the six fixed ellipsoids : 
p=av+tny +z + 2ayz + 2a,c2 + 2aay = 1, 
ga By + 12+ Na” + 2B6,yz + 28,12 + 28,0y = 1, 
R = cz? + Ma? ry® + Wye + 22 + 2ysry = 1, (29) 
Foae+ Byte + 2Ly2 + 27.02 + 2B,ry = 1, 
G Sav? + Boy+ ye” + 2y.yz + 2az + 2ary = 1, 
Ho a,2’ + By?+ 72° + 2B,y2 +2aaz + 2nay = 1; 
and from their common centre draw the normal to the wave-plane, this will pierce 
the surfaces in six points; let the corresponding radii vectores be (p, p,,, p,,,» 
r,1,,»7),,)> With these construct the ellipsoid, 
12 2 a) pe - 


* Vid. Leroy, pp. 73, 156. 
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the directions of the axes of this surface are the three possible directions of mole- 
cular vibration for the given wave-plane ; so that, for a given direction of wave- 
plane, three waves are possible, the corresponding vibrations of the molecules of 
the solid being at right angles to each other. The truth of this construction 
appears from the relations, 


1 1 l 1 ] ] 
P= — t= — 2 = —— FF =, a =, Be, 
P, Pi, Pin Lip ihr US 


which are easily proved. Also, since we may suppose all the parts of the vibra- 
ting body contained in a plane parallel to dv + my + nz = 0, to be of the same 
density during the progress of the moving plane which contains them, we shall 
have the three velocities of wave-propagation inversely proportional to the three 
axes of the ellipsoid (30).* 

If wave normals were drawn from the common centre of the ellipsoids (29) in 
every possible direction, and the corresponding ellipsoids (30) constructed for 
each direction, and if on each normal three intercepts were measured, recipro- 
cally proportional to the axes of the ellipsoid, the locus of the extremities of these 
intercepts would be the surface of wave-velocity, or locus of feet of perpendiculars 
from centre on tangent planes of wave-surface; and the surface formed by radii 
vectores, which are the reciprocals of the wave velocities, will be the surface of 
wave-slowness, or the reciprocal polar of the wave-surface, and a knowledge of its 
properties will serve all the purposes of the wave-surface itself; it is analogous to 
the index-surface in the theory of light. The surfaces of wave-velocity and wave- 
slowness may be determined by the following considerations : 

The cubic equation whose roots are the squares of the reciprocals of the axes 
of the ellipsoid (30) is, 


(P’—s) (Q’—s) (2’—s) — ¥?(P’—s) — 6”(Q’—s) — n”(R’—s) + 2r’e'h’ = 0. 


If in this equation we substitute (a* + 7° + 2’) for s, and & 4 =| for (/, m,n), 
P 


we shall have the equation of the surface, whose radii vectores measure the wave 


* After having obtained this construction, I learned that M. Cauchy had given a similar one 
for a particular case; but he has not applied his results to their proper object, and has been mis- 
led in his attempt to account for the phenomena of light by his equations: his method, also, is 
quite different from that used in this Paper. 
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velocities ; and if a radius vector be drawn from the centre, it will pierce this sur- 
face in three points, and the lengths of the three radii vectores measure the three 
velocities of wave-propagation possible for the given direction. This surface, 
however, being only the locus of feet of perpendiculars or tangent planes to 
wave-surface, is of very little use, but it enables us to determine the reciprocal 
polar of the wave-surface ; for, if the radii vectores be made the reciprocals of 
their lengths, the direction remaining the same, we shall have for the locus of 
their extremities the surface of wave-slowness. Its equation is, 

(p’p'—1) (a'p°—1) (R/p'—1) — F“p'(P’p’—1) —G"*p'(a'p—1) — "p'(R'p?—1) 


Beis iG) se 
or: + 2reHu.p = 0, 


(P—1) (@—1) (r—1)—F*(p—1) —6?(Q—1) — n°(R—1) + 2FGH = 0, (31) 
(P; Q, Rs F, G, H) being the quantities given in (29). 

This surface is of the sixth degree, and has three sheets, corresponding to the 
three velocities of wave-propagation, and determines not merely the laws of pro- 
pagation of plane waves in a solid, but also enables us to give a construction for 
the direction of waves refracted in passing from one solid into another. 

With a point in the surface of separation (supposed plane) as centre, construct 
the two surfaces (31) for both solids; produce the normal to the incident wave 
to meet its own surface, and from the point in which it pierces it, let fall a per- 
pendicular on the separating plane; this perpendicular will pierce the surface 
(31) of the second solid in three points; the lines drawn from these points to 
the centre are the normals of the three refracted waves, and their lengths are 
inversely proportional to the wave velocities. 

The directions of the internal reflected waves may also be easily found by means 
of this surface ; for we have only to produce the perpendicular backwards to 
meet the surface (31) of the first solid; and the three lines joining the centre 
with the three points of intersection will be the normals to the three plane waves 
reflected back into the first solid. These and all other constructions for the 
direction of reflected and refracted waves may be easily proved by the properties 
of the wave-surface and the reciprocal properties of the surface of wave-slowness, 
which, for such constructions as these, serves all the purposes of the wave-surface 
itself. The whole theory of wave-surfaces, in light, or in elastic solids, is only a 
development of Huygen’s construction for uniaxal crystals. 
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It is important to observe that the directions of the wave and ray, being both 
given, (by the radius vector and perpendicular on tangent plane of the surface of 
wave-slowness ), completely determine the direction of molecular vibration in any 
given case. If the direction of the wave alone be given, the problem is indeter- 
minate ; for three parallel tangent planes may be drawn to the wave surface, each 
tangent plane being accompanied by its own direction of molecular vibration, and 
the three directions of vibrations being at right angles to each other: but if the 
direction of the ray be also given, there will be nothing indeterminate, for this 
will show which of the three tangent planes we must select, and, consequently, 
which of the three directions of molecular vibration. 

We now come to the conditions which must be satisfied at the limits; the 
facilities for obtaining which constitute the great advantage of the method of the 
Mecanique Analytique, as compared with any other method in Mechanics. The 
principal cases of limits which occur are the following: Ist. The limits may be 
completely fixed; 2nd. The body may have particular forces (2, ©, ¥) applied 
throughout the whole extent of the limiting surface: 3rd. The limits may be 
perfectly free; 4th. The limits may be the surfaces separating different kinds of 
bodies, so that the vibration passes from one into the other, changing the laws of 
its propagation at the limits, and requiring particular conditions to be satisfied at 
the separating surfaces. 

Ist. If the external surface of the body be completely fixed, so that its 
equation is independent of the time, then there are two cases to be considered : 
the molecules constituting the external surface may be absolutely fixed, so that 
no motion whatever is possible at the limits ; or the external surface may be fixed, 
so that motion perpendicular to it is impossible; but there may be motion along 
the surface itself. In the first case we have no condition at the limits; for the 
condition to be satisfied at the limits being, 


0 = A=§S((Neosr + Joos + w~cosy )eE + (Acosu + 5cosy + JcosA )oy 
+ (jcosy + ~cosdA + dcosp ee )w (32) 
is identically true, because 
NOY, Cy) = CE (0); 
But in the second case (which occurs, for example, in hydrodynamics), the 
variations at the limiting surfaces are not zero, but only subjected to the restric- 
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tion that they must take place along a given surface. Let the limiting surface 


F(% y 2) = 0, 


then the condition to be added to A = 0, 1s 


be 


1 1 
fee + Pa + Lig = 0; 


and, since (cosA, cosu, cosy) are proportional to (Z 7 +) we shall obtain, 


finally, for the conditions at the limits, 


(w 43 + mf Pe+(25 a G4 Pin + (a ae Foi ie= 0 


\ Nie ( dz du nk 
(33) 
Yee 4 Vin Ug = 
date t Gy + Gz 6 = © 


which, by eliminating any one of the variations, will give ultimately the ¢wo con- 
ditions to be satisfied. It is evident, a priori, that in this case there must be two 
conditions at the limits, as the equation of the external surface is a function of 


two independent variables. 
2nd. If particular forces (=, ®, ¥) act at the external surface, then the equa- 
tion of condition at the limits will be 


A = (§ (Ete + by + FE) 0, 


or, 
= = ncosA + dcosn + cosy 
® = dcosu + d5cosy + Jcosr (34) 
¥ = jcosy + w2cosA + dcosu 


which are the same as equations (25). 
3rd. If the limiting surface be perfectly free, then (&é, &, @¢) are independent 
of each other, and the general condition A = 0 will give the three conditions, 


ncosA + dcosu + w~cosy = 0 
acosu + dcosy + 5cosA = 0 (35) 
jycosy + pcosA+ 5cosu = O 


or, if w= f(a, y, z, t) be the external surface, 
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du du 
Nar an tee at 
du du du 
ay A Pa Wi ugg 
du du du 
ay ih ge? Ae 0 


4th. This case, in which we have two media in contact, is the most important 
and difficult of all the cases of conditions at limits. In order to discuss it, it is 
necessary to go back to the general equation of motion and equilibrium (12); in 
the case at present considered, the function v, must be conceived to be composed 
of two parts (v,’, v,”), v,/ belonging to one body, and vy,’ to the other. Let 
J (2, y,2) = 0 represent the surface passing through the molecules common to both 
media in their state of rest. There will then be three general equations of mo- 
tion, belonging respectively to the molecules, for which 


S( 2s Ys 2) > Os S( 2,45 2) <9, S( 2, YZ) =) 


1. e. according as the molecules belong to the first medium, for which y, = v,’; 
or to the second, for which v, = v,’; or to both, for which case we have 
v,=v,/+v,". These three equations are 


. 


(iS -(F rie — aya = § ) dedyde = Sev dedyde (36) 


Na : (= Se ani = x On + “La )dadyde = Wev,"dadydz (37) 
SSS ec (GE ce ee by +— TE ee dedydz 


+ Mf - Ea (= eee = — ie”) dadydz 


(38) 
= Wav /dedydz + \Wiv,"dadydz ; 
the single and double marks denoting that the quantities belong to the first or 
second body respectively. As the laws of propagation of waves and the limiting 
conditions arising from fixed or free surfaces respectively have been already consi- 
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dered, we have at present nothing to do with equations (36) or (37), or with the 
triple integrals in (38), but only with the double integrals in equation (38), pro- 
duced, asin (19), by integrating the right hand member by parts, according to 
the rules of the Calculus of Variations. 
It is easy to see that the condition at the limits will be 
Kh =.= A= 0, 

A’, 4” arising from the two parts of (38), and having the form of A in equation 
(32). This condition, expressed at full length, is evidently equivalent to the 
equations 


(di , du GUN du du jp DSi. 2 
(Nig 1 iy og ee —(x de)? fg.’ © aa =0 


ar) = du lu Tu 
(3 oe , a “4 / - ad ! ("Gti ety oY by!’ = 0 


stash (eet ee 
But as the motion of the molecules which constitute the surface f(a, y,2) = 0 
is the same, whichever medium they are supposed to belong to, we shall have 
evidently #& =&’, 4 = 9’, ¢ = ¢"’; and, expressing these in the equations just 
found, and equating to zero the coefficients of the arbitrary variations, we shall 
obtain finally the three following conditions, to be satisfied at the surface which 
separates two contiguous bodies. 


" ty!) du du _ 
(NN + (3) dy + (1a'— mT = 


1 

(2 —3'\ Stee se iy FS Se Ee (39) 
/ ny Wt 1_ys/! = , ni du _ 
ea neies 7 a eel a= 


As an example of the formule, we shall suppose the bodies to be in contact 
along an indefinite plane, which we shall take for the plane (2, y). The surface 
u = f(a, Yy,z) =O becomes for this case z = 0, and consequently we shall have 


to introduce the conditions, 


-~I 
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du _ du _ du _, 
(ea iia ae ae 


The equations of condition to be satisfied at the limits become, therefore, 
a — a 0 oe S05 0 (40) 

i. e. the three quantities }, 5, 9, retain their values in passing from one medium 
to another. In order to obtain a more geometrical idea of the nature of these 
equations of condition, in the particular case of plane waves, we shall assume 

d* aq ar d? d- ah 

See Sle I= [3 po Dm = 28, = Fp 

dt dt dt dt dt dt 
where (p, 7, 7) are the components of a transversal 7, and (/; g, 1) of another 
transversal 7,,, so that we have 


P=TCOEr, (P=Tcosy, m= 7 cosy, 
SS, CORN = Ty CoN h'= F cosy 


These quantities (7, 7,,) may be called the first and second ¢ransversals of the 
real molecular vibration which takes place along (a, 8, 7), and is equal to 7; and 
they have a striking analogy to the line that Professor M‘Cullagh calls a secon- 
dary transversal in his theory of light; but there are two such transversals in 
the theory of elastic solids, while there is only one in the theory of light. It 
should be remembered that the equations of condition at the limits (32-40) are 
perfectly general, and independent of the particular integral for plane-waves ; 
but the geometrical constructions, which I proceed to investigate, belong only to 
the particular integral. Previously to determining the meaning of equations (40) 
it will be useful to establish a theorem relating to surfaces of the second order. 


Let the surface be 
Ag + By? + cz? + 2pyz 4 2Erz 4+ 2rry = 1, 


then we shall have 


cos(p,7" 
pr = acosacosa’ + BcosBcosp’ + ccosy cosy’ + D(cosfcosy + cosy cos’ ) 
ates) + £(cosycosa’+ cosacosy’ ) + F(cosacosp’ + cosBcosa’), (41) 
pr’ 


where (p, p’, 7,7’) are the perpendiculars let fall on any two tangent planes and 
232 
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the corresponding radii vectores, and (a, B, y, a’, B’, y’) the directions of (7, 7’). 
cos(p,r’) _ scl de r) 


This expression for 
pr 


“, in terms of (a, B, y; a’, B’, 7’), may 


be proved as follows : the tangent plane to the surface is 
(aw + FY + Ez)a’ + (By + vz+ Frax)y'4+ (ce + Er + dy) = 1; 
therefore, if (A, 4, v) denote the direction of the perpendicular, we shall have 
cosA = pr(Acosa + FcosB + Ecosy) 
cosu = pr(BcosB + Dcosy + Fcosa) 


cosy = pr(ccosy + Ecosa + Dcosf) 
therefore 


cosA cosa’ + cospcosp’ + cosvcosy’ _ cosd’ cosa + cosy’ cos + cosy’ cosy 
pr si pe 
= acosacosa’ + BeosBcosp’ + ccosycosy’ 
+ p(cospcosy’ +cosycosp’ ) +5 ( cosy cosa’ +cosacosy’ )-+-F(cosacosp’ +-cospcosa’ ) ; 
which is equivalent to (41). 
If now we substitute for (&, 7, ¢) their values, 


€=7cosa.cosp, = TCosB.cosd, ¢ = TCOSy.Ccosd, 


o= = +my + nz—vrt) 


in the equations 


apt wien dy 

Tana ee a+ud oP a0 4 av + aw 
if male tet a fi arte ; 

GE yi iartriag 1B iw S + Bu + Bev + Bw 
Tk. Seen G dé dy 2 
qe ae ie Se Ca + RV +73" 
df aes dé dy dg 

i eS nae tu + wv + BW 
rg Um dy d¢ 

Te Ss 2 thay te + 7.0 + MV + aw 
ah dy 

sp —) 


= Tet eg ty 27s of + Bu + ay + aM 
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we shall obtain, by integrating twice with regard to ¢, the following expressions, 
p=7,cosA, = 1.h,sind "= 7, cosA,, = I.k,sing 
qg=7,cosn,=I1.h,sing g =7,cosu, = 1.k,sind (42) 
r=r7,cosy,=I1.h,,sne h =7,cosvy,, =1.k,,sind 


Tr 
where we have I = ——; and 
2Qrr 


h, = a.lcosa + n.mcosB + M.ncosy 


+ a,(mcosy + ncosB) + a,(ncosa + lcosy) + a,(/eos8 + meosa ) 


h,, = B.mcosp + L.ncosy + n./cosa 


+ B,(mcosy + ncosB) + B,(ncosa + cosy) + ,(lcosB + mcosa ) 


h,,, = c.ncosy + m.lcosa + L.mcosB 
+ ¥,(mcosy + neosp) + ¥.(2cosa + lcosy) + v,(lcosB ++ mcosa) 


k, = a,lcosa + B,.mcosB + y,.ncosy 
+ L(mcosy + ncosB) + y,(ncosa + lcosy) + £.(lcosB + mecosa) 


k,, = a,.lcosa + B,.mcosp + v,.ncosy 
+ y,(meosy + ncosB) + m(ncosa + Icosy) + a,(/cos8 + mcosa) 


k,,, = a,.lcosa + B,.mcosB + ¥,.2cosy 
+ B,(mcosy + ncosp) + a,(ncosa + leosy) + n(lcosB + mcosa) 


We have, therefore, the following equations to determine the direction and mag- 
nitude of the two transversals : 


h,,cosv, — h,, cosu, = 0 k, cosv,, — k,, cosu,, = 0 
h,,cosX, — h,cosv, = 0 k,, cosd,, — k,cosv,, = 0 (43) 
hosp, — h,cosA, = 0 k,cosp,, — k,,cosA,, = 0 


r= LVM +H +h’, sing tT, = LVRP+h + sing 


If we suppose the six fixed ellipsoids (29) constructed, with any point in the 


plane of separation for common centre ; and make (p,,p,,—p,,. 77,» 7,,,) the per- 
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pendiculars on tangent planes drawn at the six points where the normal of the 
incident wave-plane pierces the ellipsoids; the intercepts of the normal itself 
being (7, 7,.7,,> P» P)» P),,) 3 and let (a) denote the direction (a, 8, y) in which 
the real molecular vibration takes place; then we shall have the following geo- 
metrical meanings for the quantities (h, &c., k, &c.), 


rye cos(ap,) ae cos (az) 
nos PY, aK TP, 
one cos(ap,,) pe cos(a,,) (44) 
a Pi yy 4 Ty Py 
ha = cos(ap,,,) k= os (am,,,) 
uh Pula ti TyyPi 


Hence the equations for determining the direction of the two transversals become 
finally, 


Pin? 1 €08( ap,,) cosy, —p,,7,,.cos(ap,,,) cos“, = O 
Pp, .Cos(ap,,,)CosX, — p,,,7,,.CoS(ap,) cosy, = O 
P,,7 ,-COS(ap,) cos, — p,r,. cos(ap,,)cosA, = O 
(45) 
7, ,/P),,COS(A7,,) COSY, — 7,,p,.COS(Am,,,) COSu,, = O 
) cosA,, — 7 cos(a7,)cosv,, = 0 


7 ,p,. COS (am 


ws wus 


7, /P,, «COS (a7,) COSH,, — 7, p,. COS(am,,) COSA, = O 


The two transversals are thus completely determined in magnitude and direction, 
and are to be conceived as accompanying the rea/ vibration in its progress, de- 
pending upon its direction and velocity; and the equations of condition (40) at 
the limits are expressed by saying that, in passing from one medium into another, 
the first transversal preserves its value perpendicular to the separating surface, 
while the second transversal preserves its value parallel to the same surface: 
the real vibration preserving its value both perpendicular and parallel to the 
surface of separation, since the molecules composing it may be viewed as be- 
longing indifferently to either medium. It is important to observe that we 
have thus as many conditions as unknown quantities; for, the incident vibra- 
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tion being given, we have to determine three refracted and three reflected 
vibrations ; the directions of these are known by means of the surface of wave- 
slowness, and the quantities which are to be determined are the six intensities of 
the reflected and refracted vibrations. Now we have six conditions to determine 
these six quantities; these conditions are—the conservation of the real vibration 
in passing from one medium into another—the conservation of the perpendicular 
component of the first transversal—and the conservation of the second transversal 
parallel to the plane of separation: the equations of condition given by these 


considerations are, 


ves a, Ae 
Ne 5. waa (46) 


If the vibration pass from a homogeneous solid into one of crystalline struc- 
ture, there will be three refracted and two reflected waves; and the unknown 
quantities will be the five intensities and one direction in the homogeneous body, 
which is not given by the wave-surface ; or, vice versd, if the vibration pass from 
the crystalline into the homogeneous body, there will be three reflected and two 
refracted waves, and the six unknown quantities will be the same as before. Also, 
if two homogeneous bodies be superposed, it will be shown that there are two 
reflected and two refracted waves, and the unknown quantities are four intensities 
and two directions. In fact, whatever be the nature of the superposed bodies, 
the unknown quantities will be six in number, so that they can be completely de- 
termined by the six equations of condition. 

We have hitherto considered the differential equations arising from v, expressed 
in its most general form, and although the relations (15) might have been intro- 
duced, yet the simplification produced by them would be very slight ; the prin- 
cipal effect of these equations being to modify the equation of wave-slowness, and 
it appears very difficult to obtain any other relations among the coefficients ef v,, 
which should simplify to any important extent the equations of motion. 

I shall now discuss a few particular cases of solid bodies, in order to show the 
manner in which the general equations already found should be modified when 
applied to such cases. 

I. Let us suppose the solid to have its molecular constitution such, that it is 
symmetrically arranged round three rectangular planes, i. e. the molecular forces 
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are in every respect similar in each of the eight regions into which the three 
planes drawn at any point divide the body. It is easily seen that in such a me- 
dium the coefficients (a; Bis Y» 4; Bos Yo. %» By» Y;) of the function v, are all zero 
(11), and that consequently v, is reduced to the form, 


2Y, == (4 (=)+ “(+ (3) \+ + (Lv + mv’ + nw’) 


dyn dé dé dt dé dy 
+2(1 Wyte dade De ae i) 


We shall also have the aes (26) reduced to 


ee ae Be Bi, 9s Hes fis) 


GE is “dad ly dadz 
ay ne n ay an ae CE a 
Sgt ae Up ae ae a(1 aja see (42) 
Ee OG ae ae dé dy 
“de — “de? nant dx® ate dye 2(m dadz ce dydz -) 


The equation of the surface of wave-slowness will still be represented by (31), in 
which we must now give to (P, Q, R, F, G, H) the following values, 
p= Av + ny? + Mz F = 2Lyz 
Q=By +12 + Nz G = 2maz (48) 
R = eg?-+ Ma?+ Ly? H = 2nay 
and its traces on the principal planes of symmetry are given by the following 
equations : 
(ry? + ma®—1) [(aa’?+ ny’—1) (By? + Nax’—1) — 4n°a*y?] = 0 
(x2? + L2?—1) [(cz? + ma?—1) (a2? + mz*—1) — 4u’a?2*] = 0 (49) 
(mz? + ny?—1) [(By? + L2’—1) (2 + Ly’—1) — 41%/*2"] = 0 
for it appears immediately from the equation of the surface, that its traces are 
(r—1) [(p—1) (e—1) — HW] = 0 20 
(e—1) [(p—1) (R—1)—@] =O y=OdO 
(e—1) [(e—1) (r—1) — F*] =0 2=0 
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Hence the traces on the principal planes of the surface of wave-slowness consist 
of an ellipse and a curve of the fourth degree; which establishes an analogy be- 
tween the case of solid elastic bodies and light, where the corresponding traces 
are a circle and an ellipse. 

The surface of wave-slowness of symmetrical elastic bodies possesses singular 
points, of the nature of modes, in its principal planes, for the equation of the sur- 
face may be put under any of the forms 


b+A4 =0 
g++ yy, = 0 
d; + 2.4, = 0 


where the values of ¢,, @,, p; are 


¢, = (x—-1) [(p—1) (e—-1) — W] 
$, = (e@—1) [(p—1) (r-1) —@*] 
$s = (p—1) [(e—1) (R—1) — ¥] 


Now, if the equation of a surface be 


ux=o+2.¥=—0, 
it may be shown that, if the surface ¢ = 0 has any singular points in the plane 
z = 0, that these are also singular points in the surface w = 0; for the conditions 


for singular points are 
du du du 


Sa SUA dy — 0, GE is 0; 
and if z= 0, the part of w of the form (zy) will disappear from the three 
equations, 

ales LD agiy = 

dx 


which will then be of the form 

dp _ do_, do _ 

ree URL cane 

which are the conditions for singular points in the surface @¢ = 0. Hence, if any 

singular points of the surface @ = 0 exist in the plane z = 0, these will be also 
VOL. XXI. 2c 
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singular points of the surface ~ = 0. Applying this principle to the three forms 
of the surface of wave-slowness just given, it will appear that the intersections of 


r—1=0, (P—1)(e—1)—wH=0, 2z=0, 

will be singular points of the surface of wave-slowness in the plane (2, y) 3 also 
qg— 1=0, ‘(P= Dieg—1)—@=0, 7y=0, 

will give singular points in the plane (a, z); and 
p— l=0) (Ce) ge )) er 05 a = 105 

will give singular points in the plane (y, =). 

As the traces in the principal planes consist of a curve of the second and one 
of the fourth degree, we shall have in general eight points of intersection, real or 
imaginary, and therefore the surface of wave-slowness should have twenty-four 
singular points ; but as it is only the rea/ points of intersection that produce any 
effect in the physical problem, it becomes of importance to ascertain the number 
and position of the real singular points. 

I shall first prove that the curve of the fourth degree consists of two ovals, 


lying one inside the other, and not having any point in common. ‘The equation 
of the curve on the plane (2, 7) is 


(aa? + ny? — 1) (ny? + na? — 1) — 4n°*y’? = 0, 


and its polar equation 1s 
5 oie 1 A055 4 1 Sop : 
Acos-a ++ nsin°a — — }( Bsin’a + Nncos’a — — ) — 4n’sin*acos’a = 0, 
Pp p 


which is a quadratic equation with respect to —; the condition necessary for equal 
P 
roots 18 
[(aA + n) cos*a + (B + Nn) sin’a]? 
= 4(Acos’a + nsin*a) (Bsin?a + Neos’) — 16N°sin*acos’a ; 
and, if two radii vectores of the curve coincide, i. e. if the curve have a double 


point, this equation of condition must give a real value for a; arranging it with 
respect to tana, it becomes 
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(B — Nn)’. tan‘a + [2(a +N) (B-+N) — 44B 4+ 12N*]tan’a + (A — nN)? = 0; 


or, assuming 
w= (A—N) (B —N) — 4n’, 


(Bs — Nn). tanta — 2(w — 4n*) . tan’a + (A —n)* = 0. 


Now, in order that this equation should give real values for tana, it must give 
real and positive values for tan?a; but it can be shown that the roots of this qua- 
dratic equation, if real, are negative, and, consequently, that no real value exists 
for tana. 

The equation solved for tan’a may be put under the form 


tan’a.(B — N)? = (w — 4n®) + V(w — 4y*)*— (w $ 4°) 
or 
tan’a.(B — N)* = (w — 4y*) + V —16Nio. 


These equations show that the condition for real values of tan*a is, that # must 
be negative or zero; and that in either case tan’a must be negative. Hence we 
have proved, in general, that the two branches of the curve cannot have a real 
point of intersection. The same thing is true of the curves of the fourth degree 
in the other principal planes. 

The geometrical meaning of the condition w = 0 is, that the curve of the 
fourth degree, in each plane, should be the product of an ellipse and circle whose 
equations are 

av’ + By —1=0, na’ + ny? —1=0, in plane (2, 7). 
By + cz? —1=0, Ly? + 12° —1=0, in plane (y, 2). 
c2” + az’— 1=0, mz’ + mz’ —1=0, in plane (2, z). 


The curve of the fourth degree consists of two branches, each of which cuts 
at right angles, the axes of coordinates, in four points, and the semiaxes of one 


branch are , and the semiaxes of the other branch are equal, and each 


Le 
Va VB 
1 j . 
a and similarly for the other coordinate planes. 
N 


The equation of the ellipse in the plane (a, y) being 


Ly’ + mz” —1= 0, 
2c2 
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this curve will evidently cut the oval, whose semiaxes are —= 7 if N be intermediate 


in value between L and M3; supposing, therefore, that m is the mean of the three 
quantities, L, M, N, the ellipse in the plane (., z) will cut the branch of the oval, 


whose semiaxes are we and in the other coordinate planes it will lie, in one 
M 


case, completely outside the oval; and, in the other case, completely inside the 
oval. Hence there are always at least four singular points on the surface of 
wave-slowness ; whether there be more singular points will depend on the rela- 
tive magnitude of a, B, c, compared with L, m, N; if we assume (as seems probable 
from its being true in homogeneous solids) that a, B, c are greater than L, M, N, 


4 ] ] 1 ers. Ae 
then the ovals whose semiaxes are aR Ve We will lie completely inside both 


miley 1 
the ellipses and the other ovals, whose semiaxes are equal to — ES 
Vi VM VN 


surface of wave-slowness will therefore consist of three sheets ; one, whose semiaxes 


1 1 lies 4 sonal 
are Va lialet WG isolated, and lying inside the other two sheets ; and the other 


two sheets, having four points in common, like Fresnel’s wave-surface, and piercing 


1 1 
the axis of x in the points Weak ade the axis of y in = 


1 ] 
Vi) VM 


I shall now proceed to discuss some particular cases of the motion, and to 


5 Way and axis of z in 


Vi 


explain the phenomena which arise from the existence of nodes in the surface of 
wave-slowness. 

Let a plane wave move through the body, perpendicular to z; the auxiliary 
ellipsoid becomes, in this case, 


M2’ + ry? + cz’? = 1 
because /= 0, m=0, n= 1; hence the three possible vibrations of the mole- 
cules will be parallel to the axes of symmetry, and two of them will lie in the 
wave-plane at right angles to each other, and the other will be perpendicular to 
the wave-plane; and the three velocities of propagation will be proportional to 
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Yo Vwi Vc belonging to the wave whose vibrations are normal to its 
plane, and /;, /4, belonging to the waves in which the vibrations are in the 
plane of the wave. Similar conclusions will, of course, hold for waves parallel] 
to the other planes of symmetry. It may be observed that, in the case of 
these waves, the direction in which the motion is propagated through the 
solid (which corresponds to the ray in the theory of light) coincides with the 
perpendicular on wave plane; for it may be proved that the three axes of co- 
ordinates pierce the surface of wave-slowness in eighteen points, at each of which 
the tangent plane is perpendicular to the radius vector; for the equation of the 
tangent plane is 


du du OU 
oe ek a oe 7) 
u = O being the equation of the surface; but, if we make 4 =0, y= 0, it is 
: d 
easily seen that = 05 w= O, and consequently the tangent planes at the 
points where z pierces the surface are given by the equation 
du 
as (z’—z)=9, 


which denotes a plane parallel to (, 7). 

In general, when a wave-plane passes in any direction through the solid, the 
vibrations of the molecules for which such a direction of wave-plane is possible 
will not lie in the wave-plane ; but there are some cases besides the case of waves 
parallel to the principal planes, in which the vibrations are, one normal to the 
wave-plane, and the other two lying in the wave-plane. 

Let us consider the case of a wave-plane parallel only to one of the principal 
axes (z); the auxiliary ellipsoid becomes for this case 

Pa + ay + R22 + 2n,cy = 1, 
where 

Pp, = aP + nm’, H, = 2nlm, 

Q, = Bm’ + ni’, because 2 = 0, 

R, = M2? + Lm’. 
This equation proves that for every position of waves parallel to an axis, there is 
one vibration in the wave-plane parallel to the axis. 


@ 
io 6) 
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Now, the equation which determines the axes of the ellipsoid lying in the 


plane (2, 7) is 
H,tan*d + (P, — Q,). tand —H, = 0. 


If we make tang = 7 we shall have the condition necessary to be fulfilled, in 
order that the other two vibrations may hie, one in the wave-plane, and the other 
normal to it; this condition is 

Im[(a — 3n)P? — (8 — 3n)m*] = 0. 
The factors 7 = 0, or m= 0, give the axes (2, 7), which have been already dis- 
cussed, and the third factor gives the equation 
A— 3N 
B—3n’ 


tan*d = 


which shows that there are two lines in the plane (7,7), making equal angles 
with the axis of x, such that if a wave-plane pass through the solid perpendicular 
to either of them, the three vibrations possible for that direction of wave-plane 
will be two transversal and one normal. 

Thus the existence of nine directions in the solid, for which the vibrations 
are in the wave-plane and normal to it, has been proved ; viz., the three axes of 
symmetry, and two directions in each plane of symmetry. 

To show the effect produced by the existence of nodes in the surface of wave- 
slowness, it will be necessary to consider a wave in its passage from one solid to 
another; the construction for the refracted wave is as follows: describe the sur- 
faces of wave-slowness (A,B) for both media, having a common centre in the 
plane which separates the two media; produce the normal to the incident wave 
to meet the corresponding sheet of its own surface (A), and from the point of 
intersection let fall a perpendicular on the separating plane, this perpendicular 
will in general pierce the surface (8) in three points; and the corresponding 
radii vectores will be the normals to the three refracted waves, the perpendicu- 
lars on the corresponding tangent planes being the directions of the refracted 
rays. Suppose the perpendicular should pierce the surface (B) m a node, the 
line joining the centre of (B) with the node will be the normal to refracted 
wave; but there will be an infinite number of rays, which will form the sides of 
a cone of the second degree, having its vertex at the centre of the surface of* 
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wave-slowness, and reciprocal to the tangent cone at the node. Also, there may 
be one ray, and an infinite number of waves; for if we consider that there are 
four tangent planes of the surface (B), which touch the surface along an ellipse, 
it is evident that there might be a cone of refracted wave normals, of the second 
degree, whose base is one of the ellipses of contact, while there would only be one 
ray, whose direction is the perpendicular on tangent plane: to find, in this case, 
the cone of incident waves which will be refracted into a single ray, we must pro- 
ject, by perpendiculars to the plane of separation, the ellipse of contact of surface 
(8) upon (a); then the cone whose base is the projection will be the cone of in- 
cident wave normals; while the cone whose base is the ellipse will be the cone of 
refracted wave normals, and the unique direction of the ray will be the perpendicu- 
lar to the plane of the ellipse. 

II. If the molecules of the body be arranged symmetrically round one axis, 
the differential equations of motion will still be the same as (47), with the follow- 
ing relations among the constants : 

Al="Bi= ONG L = ™. 
In these equations the axis of z is the axis of symmetry ; two of these relations 
are evident, a= 8, L = M; and the third may be thus proved. The function 
(¥,), in the coefficients (11), is in general a function of (p, @,); but since, in 
the present case, everything is similar for all planes passing through the axis of 
symmetry, F, will not be a function of @, therefore the expressions for A, B, N 
may be integrated once with respect to ¢, 


A= B= 2S costada, N = 2§\S\F,cos*acos*Bdw ; 
or, substituting for cosa, cosp, their values, and assuming 
QO = 2SSr,sin’p*dpdo, 
we shall have 
N= BS D.cos'pild, N= { 2-sin'geos'gde, 


where Q is independent of @; and, finally, integrating these two expressions, we 


shall obtain 
ONS 


These relations introduce corresponding simplifications into the surface of wave- 
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slowness, which will evidently become a surface of revolution round the axis of z. 
There will be no conical refraction for any direction of wave-transmission ; but, 
since two sheets of the surface touch each other on the axis of z, there will be 
only two velocities of waves parallel to (x, y), while there will be three velocities 
in every other direction. 

Ill. If the medium be perfectly homogeneous and uncrystalline we shall still 
use the equations (47) with the additional relations, 


AB Ce iM ING A ONy 


which reduce them to the following form : 


QE (awe Pt Pe ae 
Ta =*(855 a = a at? (a ye ie) 
ad’n _ ay dy , ay ae 
i saul (a ote (Ge a dx a) Ca ‘i ica) (50) 


A oa(oth a (Bhs Del fe+ fb) 


These are the differential equations of motion of a solid homogeneous and un- 
crystalline body, and were given first by Navier in the memoir already alluded to. 

Referring to the general form of v,, it will readily appear that, for the case at 
present considered, it becomes 


av, = 9(3(Sa+ gat + St" + v?-+ w’) 


dy dg dé dg dé dy 
+2(Fr. “dz + da ‘dz Zs dx’ =) (51) 


which will give the corresponding equations, 


wan(set Tes) sas(Z4+7) 
ups v(3a+ o+5) p=s($+5) (52) 


2=eQE+E+R) 2="Gte) 
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which will be found useful in discussing the conditions at the limits for this par- 
ticular case. Previously, however, to examining the limits, it is necessary to 
consider the laws of propagation ; and here I shall confine my attention to the 
particular integral for plane waves already used. In the present case equations 
(29) become 

P=n(32°+y7?+2’), Pp =Nn(2??+1), 

Q=n(37 + a’ +42), Q’ = Nn(2m?>+ 1), 


Ro=N(32°+ 2° +7’), rR’ = n(2n?+ 1), (53) 
F = 2nyz, F’ = 2nmn, 

G =2naz, Gc’ = 2nln, 

H = 2nxry, H’ = 2nlm 


Substituting these values in (28), we obtain 
ev cosa = N((2/° + 1) cosa + 2/mcosB + 2ncosy), 
ev-cosB = N((2m>+ 1) cosB + 2mncosy + 2/mcose«), (54) 
ev'cosy = N((2n*-+ 1) cosy + 2/ncosa + 2mncosp); 
from which we deduce, by multiplying by cosa, cosp, cosy, respectively, and 
adding 
ev’ = N(1 + 2(/cosa + mcosp + neosy)*). (55) 
It is evident, on inspection, that cosa = /, cos8 = m, cosy = n, will satisfy equa- 
tions (54), and consequently that one set of vibrations are normal to the wave- 
plane, and the other two in the wave-plane. The equation (55) will give for the 
two cases respectively, 
ev’ = 3N, 
ev? = N, 
the greater velocity belonging to the normal vibration. 
These results may also be deduced from the surface of wave-slowness (31), 
for, by substituting in this equation the values (53), and expanding, it becomes 


[Sn(o* +y* +2’) — 1) [Oty +2") —1P = 0, (56) 
which shows that it is composed of two concentric spheres, whose radii are 


1 1 ’ : 
Ue ax which, therefore, represent the wave-slownesses of the corresponding 


vibrations. 
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Let the case considered be that of two indefinitely extended homogeneous 
and uncrystalline solids, separated by a plane (which is assumed the plane «, 7), 
then the six conditions to be satisfied at the limits are, as in (46), 


& = fee ay! = ni”, ¢ = Gs 
ee Ce he a= =f 
which become, by means of equations (52), 


a -: > C=05 
Aus or) Seale Sie ee dé" a) 
ete tga" Cet eta) 


4 (OM vy AEN Only wae! 
x ‘Geta Sh (fe +5) 
(d¢! dé dc’ de” 
nae oS bieette dz] 

The incident vibration may be either transversal or normal; but as the 
transverse vibration may be resolved into two vibrations, one perpendicular to, 
and the other in the plane of incidence, we must finally, in order to include all 
the possible varieties, discuss the three following cases : 

1. Incident vibration transversal, and perpendicular to plane of incidence. 

2. Incident vibration transversal, and in the plane of incidence. 

3. Incident vibration normal, and in the plane of incidence. 

The plane of separation is the plane of x, y; z being perpendicular to this 


plane, and the intersection of the plane of incidence with the separating plane 
being the axis of 2. 


(57) 


Ist. The incident vibration transversal, and perpendicular to the plane of 
incidence. In this case we shall have € = 0, ¢= 0; and since the vibration is 
similar along the front of the wave-plane, we shall also have » independent of ¥. 
The differential equations (50) will therefore be reduced to 


en (ery dr! dy" plan . dy" 
mee “ — HT hate Z 58 
7 eps (a Ie Ta) hfe. (ae! Zi Za) (98) 


and the equations (52) will become 
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dy 
==a() =NnN— 
N ’ 5 ee 
== (oh n= 0, (59) 
a0) — gals 
dx 


from which it is evident that the equations of condition at the limits (57) will be 
reduced to the following, 


y= 4; N——- = 


(60) 


recollecting that the condition, z = 0, is implicitly supposed in these latter equa- 
tions, as they belong only to the limits. The equations of condition at the limits 
are thus reduced to ¢wo, which is exactly the number required ; for as all the mo- 
tion is perpendicular to the plane of incidence, there will be no normal reflected 
or refracted wave, but only one reflected and one refracted wave, whose vibrations 
are transversal and perpendicular to the plane of incidence, and whose intensities 
are the ¢wo unknown quantities in the problem. The equations (59) also prove 
that the first transversal is zero, and that the second lies in the plane of inci- 
dence. 

As there are two waves in the first body, and one in the second, we shall have 


a = tcosh + 7 cos, ay’ = cos’ ; 
7,7, 7 being the incident, reflected, and refracted vibration respectively, and 
on on on , , 
= (lx + nz—vt), o, = x le +nz—vt), ¢ = x (Ve+n'z—v't); 
/ 


l, X, v belonging to the incident wave, J, A,, v, to the reflected, and /’, X’, v’ to 
the refracted. 
Substituting these values in (59), and proceeding as in (42), we obtain 


Page Pe hae Ap Dreiser a atc? 
7 5 (= sing + x sing, —.f"=N & sing : 
Qa fe ses al * 7 hy . Qa J eee ET al! . ] 
pil == IN Gaing + ee sing), za IN (F sings) 
: bod r in 
but sinceJ=/1, v=v, ASA, n= —7N,, and since 7 = 7 = = a where 


P4107 
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é, 0’ are the angles of incidence and refraction, we shall have, when z= 0, 
¢=¢,=¢’'. Substituting therefore the results obtained above in the equations 
of condition, »/ = 1", f’ =f”, we shall deduce finally, 


a ue 


n/(7—7,) < iN 


Jo 
Wa ibe 
. nN ? 
or, writing n’’ = ky’, and substituting their values for n,n’, A, r’, 
a — 7’, 
Ro, Suds Sa (61) 


whence we obtain 

aav(1 +o) 21, (1x 2 I 
and finally, for the two unknown vibrations, 
| 2tand’ 
T. tand’ 4 Ktand” 
To determine the actual position and magnitude of the second transversal, we 
have evidently, for a single wave, 


/ 


tané’ — xtan@ 
Lap, == 406 ay, a Ted 
tané’ + ktané 


(62) 


ie nsing 
yf Sl SSS 
Te x 
27 lsind 
Fo h — Te aS 3 


whence we obtain 


L 


2 je wT. 
ge ge VP +R =n.;sing, 


i. e. the second transversal lies in the plane «, z, or plane of incidence, and makes 
with the axis of x an angle equal to the angle of incidence. 

2nd. Incident vibration transversal, and in the plane of incidence. In this 
case all the motion will continue in the plane of incidence; we shall, therefore, 
have 7 = 0; and reasoning similar to that used in the former case will show 
that € and ¢ are independent of y. The differential equations of motion will 
therefore become 
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é cea ore ‘(3 3s ne 2) ee "(3 ee oe 2 ON 
a ar 


dt dx? dadz a > dx Zz) 
(63) 
C5 ae BG OG cg Oe je a? s oe dP BY 
de 5 af dz ae iis a) ie "(3G Ee ie dadz/ 
Ge ade 
Also, since Aga aa in consequence of the vibration being transversal, 
we shall have the equations 
_ dp OE tke Df. 
ie dq LY ae. dG dé > 
2= 7% n= a=x(E+2) (64) 
BE Nhs ROCN. dé Leer a sh, 
1= ae n(3E+ a) me aeaic 


which prove that the first transversal lies in the place of incidence, and that the 
second is perpendicular to it; and also that the equations of condition at the limits 
are the four following : 


e = rate G = ree 
Wale GEN 3d" dé” ne 
c ee 7 ae 0 c dz a Kee) 


d. di! el Le!” 
ze (= a dz = v ae fi ra) 
which are exactly equal in number to the unknown quantities, which are the four 
intensities of the two reflected and two refracted vibrations; one reflected and 
one refracted wave having its vibration normal to the wave plane, and the other 
two waves having their vibrations transversal. If the incident vibration had been 
normal, it is easy to see that the equations of motion would be the same as 
in the present case, and also that the equations of condition at the limits (65) 
would remain unaltered; but, in the case of normal vibration, the equation 


= -b == = 0 does not hold; the equations (64) will therefore be different, and 


become the following : 
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_ (a & - 
BE =O) 


s=n(4H)  o=a(£+8, 0 
1=x(3 a 4) ==" 0! 


As the conditions at the limits express that the real vibration is preserved, 
together with the perpendicular component of the jirs¢ transversal and the hori- 
zontal component of the second transversal ; and as two of the four reflected and 
refracted vibrations are normal, and two transversal, it will be necessary, in order 
to express the conditions at the limits, to calculate the two transversals for both 
kinds of waves. 

Substituting, therefore, in equations (64), for ¢ and ¢, their values for a single 
wave, 


= 7Tcosacos@, ¢ = Tcosy cos, 


we obtain 


Qr Qicosa . 
qe = NT 810g, 
Q7r se tt de 2ncosy a 
=  F =_ SN 
2 Xr 2) 
2 lcos ncosa . 
= =| Nr te sing ; (67) 


and by a similar process from (66), remembering that now the vibrations are 
normal, 


2 20? 

— p= Nr. eee xX Sings 

2 1 2) 

= q = NT. sing, te = =(Nz: = sing. (68) 
Dn2 

ae = ep ais set sing, 
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If now, as in the former case, we designate by (9%, %, #5 9,» ?) the phases of 
the incident, transverse reflected, transverse refracted, normal reflected, and nor- 
mal refracted waves; and mark in a similar manner the other quantities in the 
problem, we shall obtain for the equations of condition (65), the following, 
(z=0, making ¢=¢,=9' = ¢, = ¢”, as before): 

Tcosa + 7,cosa, + 7,cosa, = 7’cosa’ + 7’cosa’’, 

scosy + 7,cosy, + 7,,cosy,, = 7’cosy’ + 7’’cosy”, 


(69) 
2ncosy 2n cosy, 1+ 2n?, ,2n'cosy’ , ,, 1+ 2n'”? 

a r a 7, A, a aT d,, =KkK (* nN SF cd Ne } 
{cosy + ncosa site Ucosy,+7,cosa, 21, ¥ Ucosy’+n'cosa’ 20’ 
> A 7 SZ KO MM ——_ 7 ——_ }; 

Xr f A, wt r,, Le N —- a ’ 


or substituting for J, 2, &c....a, y, &c., their values in terms of (@, 6,, 0’, @ 


6” ) 
which are all known quantities, we shall have, finally, 


Ti 


(7 +7,)cosd + 7,sin@,, = 7'cos6’ + 7’’sin6”, 
(7 —7,)siné + 7, cosé,, = 7’sind’ — 7’’cos0”, 


sin2@ 1+ 2cos°0, sin2@ 1+ 2cos*é\ 
=p, \ SS Sa es SS | SH = fe 70 
(7 fs) x Orr AG K (: WW se rn” (i ) 
cos20 sin26 cos2’ ,,sin26” 
nk a ami r “ax(? x Se X7 6 


“ 


: N 
K bemg equal to a 
ds 


These four equations determine completely, in terms of known quantities, 
the four unknown vibrations (7,, 7’, 7, 7’). 

To determine the actual position and magnitude of the two transversals in the 
present case, we must use the equations (67), which give for the first transversal 
the equations 


r 1 7 _— sin26 ee 
p ra td T° p+ Diem Ne v2 dQ; 


which show that it is situated in the bisection of the angle between 2 and — a. 
And for the second transversal, 


2anr 5 
g = Nr.cos26 sind. 


7" oO 
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The position and magnitude of the transversals which have been just deter- 
mined, belong to the transversals of a wave whose real vibration takes place in its 
own plane; and the position and magnitude of the transversals belonging to a 
normal vibration might be determined in a manner precisely similar from equa- 
tions (68). 

3rd. Incident vibration normal, and in the plane of incidence. The differen- 
tial equations for this case, and the conditions at the limits, are the equations (63) 
and (65). Representing, therefore, by (9, %, ¢' ¢, ¢”) the phases of the inci- 
dent, reflected normal, refracted normal, reflected transverse, and refracted trans- 
verse waves, the conditions at the limits will become the four following, which 
determine, as before, the four unknown intensities : 


(7 + 7,)siné + 7,,cos0,, = 7’sin@’ + 7’cos0”, 


(7 — 7,)cosd + 7,sin@,, = 7'cos6’ — 7’sin0”, 


1 + 2cos’0 sin26 1-++ 2cos°6" ,, sin26” ts 
Gaps) a, ae = x («! Tica ak yr) (71) 
aanirn ee r x 
sin20 coszo fp esm2o: | eos2e7 
(eae Fa ni = 1 ( rv Ti —) 


The two transversals which I have made use of in this Paper, in investigating 
the conditions at the limits, are merely conceivable mathematical lines, and have 
no real existence in the physical problem: but they are useful to assist in a geo- 
metrical conception of what really happens at the limits. There is one real 
physical vibration, which is to be conceived as accompanied by two mathema- 
tical vibrations, which depend upon the real one—each of the three vibrations 
giving its own conditions at the limits; so that the two transversals, although 
only conceptions of the mind, are naturally suggested by the conditions of the 
problem, and serve to convey a graphic representation of it. 
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IX. Researches respecting Quaternions. First Series. By Sw WitrtAm Rowan 
Hamitton, LL.D., V.P.R.1.A., Fellow of the American Society of Arts and 
Sciences ; of the Society of Arts for Scotland; of the Royal Astronomical So- 
ciety of London ; and of the Royal Northern Society of Antiquaries at Copen- 
hagen ; Corresponding Member of the Institute of France; Honorary or 
Corresponding Member of the Royal or Imperial Academies of St. Petersburgh, 
Berlin, and Turin ; of the Royal Societies of Edinburgh and Dublin ; of the 
Cambridge Philosophical Society ; the New York Historical Society ; the So- 
ciety of Sciences at Lausanne ; and of other scientific Societies in British and 
foreign Countries ; Andrews’ Professor of Astronomy in the University of 
Dublin ; and Royal Astronomer of Ireland. 


Read November 13, 1843. 


THE researches respecting Quaternions, of the first series of which an account 
is submitted in the following pages, are to be considered as being, at least in their 
first aspect and conception, a continuation of those speculations concerning 
algebraic Couples, and respecting Algebra itself, regarded as the science of Pure 
Time, which were first communicated to the Royal Irish Academy in November, 
1833, and were published in the year 1835 in the seventeenth Volume of its 
Transactions. The author has thus endeavoured to fulfil, at least in part, the 
intention which he expressed in the concluding sentence of his former Essay, 
in the volume just referred to, of publishing, at a time then future, some appli- 
cations of the same view of algebra to a theory of sets of moments, steps, and 
numbers, which should include that former theory of couples. Some general 
remarks on this whole train of speculation, and on its application to geometrical 
and physical questions, will be offered at the end of this paper. And the author 
indulges a hope that the papers containing an account of those subsequent inves- 
tigations respecting Quaternions, which he has made, and (in part) communicated 


WON.) SRT 2k 
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to the Academy, since the date prefixed to this First Series of Researches, will 
tend to place the subject in a still clearer point of view: and, by exhibiting more 
fully to mathematicians its interest and its importance, increase the likelihood of 
their contributing their aid to its development. 


Observatory of Trinity College, Dublin, May 3, 1847. 


General Conception and Notation of a System or Set of Moments. 


1. When we have in any manner been led to form successively the separate 
conceptions of any number of moments of time, we may afterwards form the new 
conception of a system, or MOMENTAL SET, to which all these separate moments 
belong; and may say that this set is of the second, third, fourth, or n™ order, 
according as the number of the moments which compose it is 2, 3, 4, or m: we 
may also call those moments the constituent moments of the set. A symbol for 
such a set may be formed by enclosing in parentheses, with commas interposed 
between them, the separate symbols of the moments which compose the set; thus 
the symbol of a momental quaternion, or set of the fourth order, will be of the 
form 

(46s Ay Ags Ay)s 
if Ay, Aj Ay, A, be employed as symbols to denote the four separate moments of 
the quaternion. If we employ any other symbol, such as the letter 9, to denote 


the same quaternion, or set, we may then write an equation between the two 
equisignificant symbols, as follows : 


Qu=—(Ar, Aa aas AG) (1) 
and, in like manner, if q’ denote another quaternion, of which the four separate 
moments are denoted by aj, aj, Aj, 4s, we shall have this other similar equation, 

cay (i A AS) (2) 
An equation of this sort, between two symbols of equinumerous momental sets, 


is to be understood as expressing that the several moments of the one set coincide 
respectively with the homologous momeits of the other set, primary with pri- 
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mary, secondary with secondary, and soon: thus if, with the recent significations 
of the symbols, we write the guaternion equation, 


/ 


Vg =a (3) 
or more fully, 

(Ap Ais Sas Aa) us CAyswAys es aus (4) 
we indicate concisely, thereby, the system of the four following momental equa- 
tions, or expressions of four coincidences between moments of time denoted by 
different symbols : 

A= Alege Ay ea A =A, At Ae (5) 
The same complex equation, or system of equations, may also be thus written : 
(Ca Bis Abs As) a5, Sy, =, =) if ayy Ant A An) (6) 


or more concisely thus : 
obG= 55 =), =), a. (7) 


Characteristics of momental Separation, Recombination, and Transposition. 


2. In the foregoing article, parentheses have been used as characteristics of 
systematic combination, in order to combine the symbols of separate moments 
into the symbol of a common set. If we now agree to prefix, conversely, charac- 
teristics of momental separation, such as M,, M,, . . . to the symbol of a momental 
set, in order to form separate symbols for the separate moments of that set, we 
may resolve the equation (1) into the four following : 


MQ A, 5) | \— "A 5) MQ — A, 5 “MiQ'== A, 5 (8) 
and an equation, such as (3), between two momental quaternions or other sets, 


Q and Q, may, in like manner, be resolved into equations between moments as 


follows : 
M,Q@ =M,@; MQ =m; &c. (9) 


With these characteristics of combination and separation of moments we may 
write, for any four moments, A, B, C, D, the tdentical equations, 
A= M, (A, B,C, D); B= M,(A,B,C,D); &c. (10) 
and for any momental quaternion q, the identity, 
Q= (M,Q, M,Q, MQ, M,Q) ; (11) 


with other similar expressions for other sets of moments. 
2E2 
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The identical expression (11) may also conveniently be written thus : 
TQ = Gap a, Masi) Ola es; (12) 
1 g being regarded as a symbol equivalent to @, and the third member of the for- 
mula being an abridgment of the second ; and then, by omitting the symbol q of 
that quaternion of moments which is here the common operand, we may write, 
more concisely, 
= (Mp Mis My My) Mo. a5'8 (13) 
and may call the second or the third member of this last symbolical equation a 
characteristic of recombination (of a momental set). The same analogy of 
notation enables us easily to form characteristics of momental transposition, 
which shall serve to express the effect of changing the places or ranks, as primary, 
secondary, &c., of the moments of any set, with reference merely to that con- 
ceived and written arrangement on which the set itself depends for its subjective 
_ or symbolic existence, and without any regard being here had to the objective or 
phenomenal succession of the moments in the actual progression of time. Thus, 
from the proposed or assumed quaternion (1), we may, in general, derive twenty- 
three other quaternions, which shall be all different from it, and from each other, 
in consequence of their involving different mental and symbolic arrangements of 
the same four moments of time; and these new quaternions may be denoted by 
the following expressions : 


(Ay Ay Ag Ay) = Mo,1,3,293 


eae (14) 
(Ruy Ns Bp By) = Shame 
In this notation we may write the symbolical equations, 
Me oes eM s bes (15) 


to imply that four successive transpositions, which are each of the kind directed 
by the characteristic M,,,,,., will reproduce any proposed momental quaternion 
(A, B, C, D), as the last of the four successive results : 

(B54; 8, GC); (CG, Dy ASB)y e(ey Ge, Dia), Mas Bec, D))- (16) 
And generally, for any set of moments, we may write, by an analogous use of 
exponents, the formula 


i 


Meo Mo nea e les (17) 
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which allows us to establish also this other symbolical equation : 


r 


Min 1,6, 1m ye (18) 


For example, if we take, in this last expression, the values n = 4, r=1, s = 2, 
we are conducted to the following characteristic of a certain transposition of the 
moments of an octad, which transposition, if it be once repeated, will restore 
those eight moments to their original arrangement, and which is therefore to be 

regarded as being a symbolical square root of unity ; namely, 
Tie (19) 

if 

© = M4,5,6,7.0, 1, 2,3. (20) 
It may also be here observed, as another example of the notation of the pre- 
sent article, that if, in addition to this last characteristic w, we introduce three 
other signs of the same sort, which we shall call (for a reason that will afterwards 
appear ) three coordinate characteristics of octadic transposition, and shall define 


as follows : 
@, = Ms, 0,7,2,1, 43,69 | 
@, = M6, 3,0,5,2, 7, 4,19 (21) 
3 = Mz, 6,1, 0,3, 25,43 | 


then these four symbols, w, ,, ,, 3, will be found to be connected by the rela- 
tions, 


2 


0, = 0, =, = 0, ©, 0, = 0; (22) 
WW, = WW; WH, = 0,0; WH, = WW; (23) 

from which, when combined with the equation 

op = I, (24) 


these other symbolic equations may be deduced : 


W, W, = W335 WW; W535 03,0, = 5 } (25) 
0, W, = WW,5 W, W, = WW,5 ww, = WH; 

W, W, W, = Wy WW, = W, W, W, = W; ] (26) 
W, Wy W, = W, W, W, = w, 0,0, = 1; J 

(ww,)” = (ww,)* = (ww,)? = w; 

(wo,)* = (ww, )' = (ww,)' =1; (27) 
Oo =o, =o, =I. 
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Forms of ordinal Relations between Moments, or Sets of Moments ; and Com- 
parisons of Pairs of Moments, or Pairs of Sets, with respect to Analogy or 
Non-analogy. 


3. If the moment denoted by the symbol a’ be supposed to be essentially, as 
well as symbolically, distinct from the moment denoted by a, so that these two 
symbols denote two different moments in the progression of time, and that there- 
fore the momental equation a’ = a does nut hold good; then it is an immediate 
and necessary result of our notion or tuition of time, that the moment a’, since 
it is not coincident with a, must be either later or earlier than it. Using, there- 
fore, as in a former Essay,* the signs > <, which are commonly employed as 
marks of inequality of magnitude, to denote these two modes of ordinal diversity, 
and thus employing the formula 

NM Sea5 (28) 
to express, without any reference to magnitude, that the moment 4’ is /ater than 
A; but, on the contrary, using this other formula, in like manner without refe- 
rence to magnitude, 

alncinas (29) 
to express that a’ is earlier than a; so that the character > is here used as a 
sign of subsequence, whereas the mark < is, on the contrary, in this notation, a 
sign of precedence ; while the formula, or equation, 

ei (30) 
still expresses that the moment a’ is cotncident (or simultaneous) with a, so that 
the mark = is at once an expression of symbolic equivalence and also a sign of 
simultaneity ; we see that the comparison of any sought moment 4’, regarded as 
an ordinand, with any given moment a regarded as an ordinator, must conduct 
to one or other of these three forms of ordinal relation, (28), (29), (30) ; and that 
no such comparison of two moments can conduct to two of these three forms, or 
modes of relation, at once. In like manner, if we compare any se¢ of 2 moments 
(a', 44, ++ A/n_,), regarded as an ordinand set, with any other equinumerous 


* On Algebra as the Science of Pure Time.—Transactions of the Royal Irish Academy, vol. xvii. 
Dublin, 1835. 


Sir Witi1am Rowan Haminton’s Researches respecting Quaternions. 205 


momental set (A,, 4,,-- An), regarded as an ordinator set, by comparing each 
moment of the one set with the homologous moment of the other set, primary 
with primary, secondary with secondary, and so forth, we shall obtain in general 
n different ordinal relations, which may, however, be combined, in thought and 
in expression, into one system, or ORDINAL SET; and this set, which may be said 
to be of the n order, will admit of 3” different forms, obtained by attributing 
separately to each of its m constituent ordinal relations each of the 3 forms 
> <=. For example, the complex ordinal relation which a sought momental 
quaternion Q’, regarded as an ordinand, bears to a given momental quaternion a, 
regarded as an ordinator, is composed of four ordinal relations between the homo- 
logous moments of these two momental sets, of which four relations each sepa- 
rately may be one of subsequence ( >), or of precedence (< ), or of simultaneity 
(=): and hence this complex ordinal relation of Q’ to @ may receive any one of 
3* = 81 different forms, of which one, namely, the case of quadruple momental 
coincidence, has been considered in the first article, and of which the others may 
be denoted on a similar plan. Thus to write the formula 


Or, =) <=) 0; (31) 


if @ and Q’ denote the quaternions (1) and (2), may be regarded as a mode of 
concisely expressing the following system of four separate ordinal relations be- 
tween moments, 


AG Ags Aq Anis Ag Ap as Aare (32) 
or, in the notation of the second article, 
M,Q@ >M,Q; M,Q’=M,Q; M,Q' <M,Q; M,Q' = MQ; (33) 
and similarly in other cases. 


4. Again, as we have compared two moments, or two sets of moments, or have 
conceived them to be compared with each other, with a view to discover the 
(simple or complex) ordinal relations existing between them, so we may now 
compare, or conceive to be compared, two pairs of moments, or of momental sets, 
with respect to their (simple or complex) analogy or non-analogy ; that is, with 
respect to the s¢milarity or dissimilarity of the two simple or complex ordinal 
relations, which are discovered by the two separate comparisons of the moments 
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or sets belonging to each separate pair. Representing (as in the former Essay ) 
by the notation 
D—c=B—4A, (34) 


the existence of an analogy of this sort between the two pairs of moments, a, B, 
and c, D, or the supposition of an exact similarity between the two ordinal rela- 
tions of p to c, and of B to A; we may, in like manner, denote by the formula, 


qe’ — a’ =e’ — Q, (35) 
the complex analogy which may be conceived to exist between the two pairs of 
quaternions, or other momental sets, Q, Q’, and Q”, Q’”, belonging all to any one 
determined order 7, that is, containing each » moments. ‘This analogy (35) 
requires, for its existence, in the view here taken, that the m constituent ordinal 
relations between moments which compose, by their mental and symbolic combi- 
nation into one system, the complex ordinal relation of the set Q’”’ to the set Q”, 
should, separately and respectively, be exactly similar to those 7 other constituent 
ordinal relations between moments, which collectively compose the other complex 
ordinal relation of the set @’ to the set a; for then, but not otherwise, do we 
regard the one complex ordinal relation as being in all respects similar to the 
other. In symbolical language, the complex set-analogy (or analogy between 
pairs of sets) of the n order (35) may be resolved into n momental analogies 
(or analogies between pairs of moments), namely, the following: 


MQ” o M,Q” = M,Q’ ‘Ay M,Q ; | 
ee Ny (36) 


of which each separately is to be interpreted on the same plan as the analogy (34). 
The two formule of momental non-analogies, or of dissimilar ordinal relations 
between pairs of moments, 
= CS: ih Sy ] a 
NE O< Pes i (37) 


may still be interpreted as in the former Essay; the first formula (37) denoting 
that the relation of the moment p to c is, as compared with the relation of B to a, 
a relation of comparative lateness ; and the second formula (37) denoting, on the 
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contrary, that the former ordinal relation, as compared with the latter, is one of 
comparative earliness : and because, in the first case the moment p is too Jate, 
while in the second case this moment is too early, to satisfy the analogy (34), we 
may still call the first formula (37) a momental non-analogy of subsequence, and 
may call the second formula (37) a non-analogy of precedence. By compound- 
ing several such momental non-analogies, or even one such, with any number of 
momental analogies, into one system, we shall compose a complex non-analogy 
between two pairs of momental sets, which may easily be denoted on the plan of 
recent notations ; thus, if we make, for abridgment, 


ut 


LL au ut uw 
Q = (55 Win SoZ )b 71 
i wt “i aw wa 

Q ='(A5 9 A, » Ao s Ag ); i 


retaining for Q and q’ the same meanings as in the equations (1), (2), and then 


(38) 


write the formula 

Q 10% (=) <<, =) S— Q, (39) 
we are to be considered as expressing concisely hereby a complex non-analogy be- 
tween two pairs of momental quaternions, @, 9’, and q”, Q’”, which may be resolved 
into the following system of mixed analogies and non-analogies between four 
pairs of moments : 


/ "I « . 
M,o/” — M,Q” > M,Q’ — M,Q@3 OF, Ag — Ap > Ap — Ay | 
mo” — uo’ =u’ — MQ; Ay’ — Ay = Ai — A L (40) 
M,Q’” — M,0" < M,Q’ — M,Q; IE mS CR INA oe 
Mtr i — / 5 wat Wa ee 
MQ’ — MQ” =™,o' — MQ; Ie ee IN SINE IN j 


A little consideration suffices to show, by the aid of the fundamental notion 
of TIME, which enters essentially into this whole theory (as least as the subject is 
here viewed), that every simple or complex analogy or non-analogy of the kind 
considered in the present article admits of alternation ; that is to say, if we call 
the moments B and ¢, or the sets q’ and q”, the means, and call the moments a 
and p, or the sets q and q’”, the extremes, of the analogy or non-analogy, it is 
allowed to interchange the means or to interchange the extremes among them- 
selves, without destroying the truth or changing the character of the formula. 
For example, under the conditions (40), we may write, instead of (39), either 
of the two following forms : 

VOL. XXI. 2F 
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Qi ales =, Gis =) Q” 22 gs } (41) 


(1h (> a ae =) Q’ —Q”. 


We may also employ inversion, that is, we may substitute extremes for means, 
and means for extremes, provided that we, at the same time, change each of the 
two signs of ordinal diversity between moments, and every complex sign of 
ordinal non-analogy between momental pairs, to the contrary or opposite sign, 
by changing > to <, and < to >; thus we may write the complex non-analogy 
(39) under this other or znverse form : 


oe = a4(<, =; SS, =)e—q. (42) 
And with the same conceptions, and the same plan of notation, we are led to 
regard the following formula of guadruple momental analogy, 


tr 


oq Se(= =) ==) eG (43) 
as being only a fuller expression of that complex analogy between the two pairs of 
quaternions Q, 9’, and Q”, Q’”, which is more briefly denoted by the formula 
(35). 

5. Consistently with the same modes of interpreting formule for the expres- 
sion of any simple or complex analogy or non-analogy between pairs of moments 
or of sets, or of any similarity or dissimilarity between simple or complex ordinal 
relations, if we agree that the symbol 0, when it occurs as one member of any 
such formula, shall be regarded as a symbol of the relation of ordinal identity, 
writing thus for any two identical moments, or identical sets, 


a—a=0, ga—Q=0; (44) 
we may then not only write 

AI —O0h SQ: 10: 10) (45) 
as transformations of the equations (30) and (3) ; but also 

Ac WAS) OseemAt — Al-<aan()! (46) 


as transformations respectively of the two formule of ordinal diversity, (28) and 
(29); and may write 
= i(3) <=) 05 (47) 


instead of the formula (31). And if we employ small Roman letters, with 
or without accents or indices, such as a, a, &c., to denote generally any ordinal 
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relations between moments, which may or may not be relations of identity, and 
which may otherwise be denoted by such symbols as B — a, 4’, — Ay &c., which 
have been already used as members of formule expressing analogies or non- 
analogies ; writing, for example, 


Ags Ay SSO) TAS A) ape - ] (48) 


wt wa 


ee f {ane / 
Ay — Ap =, A; — A; = a).. J 


and extending this notation so as to introduce the corresponding abridgments, 


/ 


a —a=q, a” —o" =’; (49) 
then we may not only transform the formula (31), or the system of the formulz 
(32), by writing 

O (S55 <5 =])Or (50) 


but also, on the same plan, may substitute for the expression of the complex non- 
analogy (39) this more concise expression, 


es S <=) q- (51) 
For in this notation (as in that of the former Essay), the first, second, and third 


of the three formule, 
atSOs “a'<OF fa 0; (52) 


express, respectively, that the ordinal relation between moments, denoted by the 
letter a, is one of lateness, or of earliness, or of simultaneity ; and in like manner, 
the three written assertions, 


Dea, Da, bs, (53) 


express, respectively, that the ordinal relation between the two moments of one 
pair, denoted by b, as compared with the relation between the two moments of 
another pair, denoted by a, is one of comparative lateness, comparative earliness, 
or comparative coincidence, that is, analogy. And to mark generally the unity 
of the conception of an ordinal set, or system of ordinal relations, such as was 
considered in the foregoing article, we may agree to denote such a system or 
set of relations by writing in parentheses, with commas interposed, the symbols of 
those separate relations; and thus may write the formula, 

Q —Q=(A— Ay Ar— Ay + An — Ani) (54) 

2F2 
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or, more concisely, by the abridgments (48) and (49), if we confine ourselves to 
the case of an ordinal quaternion, 


G) Sep eyen os) (55) 


. 
Operations on an Ordinal Set ; Coordinate Characteristics of Quaternion- 
Derivation. 


6. We may now treat this last expression for an ordinal quaternion in the 
same way as the expression for a momental quaternion was treated in the second 
article. Let r,, R, &c., be characteristics of ordinal separation, analogous to the 
characteristics of momental separation, M,, M, &c.; we may then, with their help, 
decompose the equation (55) into four others, as follows : 


Rei == ays Gi ==yans) Rage aes" R.qy=— ans (56) 
we may therefore write, for any four ordinal relations, a, b, c, d, between mo- 
ments, the identical equations, 


aR, (a5/D, €,0)5— b= Rk, (a,b,c; di) see. 5 (57) 
and, for any ordinal quaternion, we may write the corresponding identity, 
q = (Bod Biq> Req, Bq) 5 (58) 


or more concisely, by abridgments analogous to those marked (13), 

IU==S (Risen eG) Resp Re) aR eas (59) 
with formulz of the same kind for ordinal sets of higher orders. Characteristics 
of ordinal transposition are easily formed on the same plan; and we may write, 
for example, as the expression of one such transposition performed on the ordinal 
quaternion (55), 

Pay Chess (Ey er Oro a)e (60) 

and may hence deduce this symbolic equation, analogous to (15), 
Papa sik (61) 
If, instead of thus transposing the ordinal relations, we transpose, in the ex- 
pression of any one relation, the two related moments, or momental sets, we then 
obtain, in general, a new ordinal relation, which is the enverse or opposite of the 
old relation, or is that old one with its sign (or signs) changed, each constituent 
relation of earliness being altered to a relation of lateness (in the same degree ), and 
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vice versd: a change which may be expressed, according to known analogies of 
notation, by prefixmg the sign — to the symbol of the simple or complex relation 
which has thus been altered: for example, the equations (48), (49) give, by this 
change of signs, 


A, — Ag = — a, 4, — A) = —a, &e.3 (62) 
and 
q— ev =— gq, &e. (63) 
Hence we may write, as a consequence of the formula (55), the following : 
—q=(—a, —a, — a, — a,); (64) 
that is, for any ordinal quaternion, we have 
—l= (= Roy = Rp — Roy — Ry)» (65) 


with similar results for other ordinal sets. The notation may be abridged if we 
agree to write, for the present, such formule as the following : 
= = Sa So } (66) 
(REE sick. haan FPN el 
for then we can not only express the symbolical equation (65) under the shorter 
form, 
ay 1 SSP cope ep (67) 
but can compose, generally, characteristics of ordinal derivation, which shall 
express the joint or combined performance of several simultaneous or successive 
acts of separation, inversion, transposition, and recombination of the constituent 
relations of any ordinal set. Thus if we operate twice successively on an ordinal 
couple (a, 2,), by the characteristic of derivation R_, ,, we obtain thereby the 
two new or derived couples : 
B_ 1,0 (ap a) = (— ay a) 
R21,0 (a, a,) = R_1,0(— a ay) (68) 
= (— oy —a,) ==> (a » ay) 3 
of which the last is merely the original couple (a,, a,) with its sign changed; so 
that we have the symbolic equation, 
hein — le (69) 


This symbolic result, presented under a slightly different form, was made the 


‘ 
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foundation of the theory of algebraic couples, and of the use of the symbol Y —1 
in algebra, proposed by the present writer, in that Essay, already several times 
referred to, which was published in a former volume of the Transactions of this 
Academy; for the symbolic equation (vol. xvii. page 417, equation 157) 
V(—1) = (0, 1), 

was there given, in which the essential character of the nwmber-couple (0, 1) 
was that, when used as a multiplier, it transformed one step-couple (a, a,), that 
is to say, one couple of steps, a,, a,, in the progression of time, or one couple of 
ordinal relations between moments, into another couple of steps or of relations in 
the same progression of time, according to the law, 


(0, 1) (a, a, ) = (= ay a) > 
which agrees with the process directed by the recent characteristic of derivation, 
R_,,9, and was included in the equation (37), page 401, of the volume lately 
cited. Again, if we now regard 7, 7, & as three characteristics of operation on an 
ordinal quaternion, defined as follows: 


9 =p eet 5 | 
J = B_3,0, -13 i (70) 
— R_3, -9,1,03 


we shall have the four following symbolic equations, which will be found to be 
of essential importance in the present theory of quaternions : 


ale 

(pS | is 
Koes (71) 
igi =— 1; 


and which may be concisely expressed under the form of a single but continued 
equation, as follows : 

RSP Se SYS = 1. (72) =(a) 

7. To leave no doubt respecting the truth or meaning of these important 

symbolical relations, (72) or (a), between the three coordinate characteristics of 

quaternion-derivation, i, j, k, defined by the equations (70), we shall here ex- 

hibit distinctly the successive steps or stages of the transformations which are 
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indicated by those characteristics. Suppose then that any ordinal quaternion q, 
or any set of four ordinal relations, a, b, c, d, between moments of time, is pro- 


posed as the subject of the operations. 

For the purpose of operating on this quaternion by the characteristic of deri- 
vation 7, we may first write the following definitional equation between its two 
symbols, 

qi (anb;.c;d)): (73) 


and then resolve this complex equation into its four components, or constituents, 
with the help of the signs of ordinal separation, r,, &c., as follows : 


HEC ask gd — bis TRG) e5" RAqi— 1. (74) 


In the next place, the definition (70) of 7, combined with the notation (66), 
directs us to change the signs of the second and fourth of these equations (74), 
and then to make the first and second equations change places with each other, 
interchanging also, at the same time, the places of the third and fourth, so as to 
form this new system of four equations : 

RG —— Dis) Regia eRe qi = —1d 55 Rg) =e! (75) 
We are then to combine these four constituent ordinal relations, thus partially 
inverted and transposed, namely, — b, a, —d, and ¢, into a new ordinal quater- 
nion; and this will be, by definition, the first coordinate derivative, iq, of the 
proposed quaternion q; so that we may now write, as derived from the equation 
(73), by the first coordinate mode of quaternion derivation, the equation, 


iq = (—bja, — d,c). (76) 

If now we repeat this process of derivation, we get successively the two following 
systems of four equations : 

Rtg — bs B,.2q)== a; B,.1qg = — ds. B,.8q Ses (77) 

Rey. eq SS — "8 3) Rgetg! SS bs BL QV =e; agg —d5i\, (78) 

and, finally, by a new combination of these four last ordinal relations into one 


ordinal quaternion, which is the derivative of the derivative of q in the first co- 


ordinate mode, we find 


?q = idiq = (—a, —b, —e, —d)= —q; (79) 
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so that this repeated process of derivation by the characteristic i has changed the 
sign of the quaternion, q, by changing the sign of each of its four constituent 
ordinal relations, a, b, c,d; which is the property expressed by the first equation 
(71), namely, by the formula, 

e?= 1. (71, 1) 


By exactly similar operations, except so far as the second symbolic equation 
(70) differs from the first, we find, for the second coordinate derivative, jq, of 
the same proposed quaternion, q, the expression, 


jg = (— © d, a, — b); (80) 
and for the derivative of the derivative in the second mode, 
PU =IIV=(—a —b, —G —d)=—q=—lq; (81) 


the symbols 1q and q (like 1@ and Q) being regarded as equivalent: which re- 
sult (81) justifies the second equation (71), by giving the symbolic equation, 


f=. (Tl) 
And in like manner the third coordinate derivative, kq, is, by the third equation 
(70), expressed as follows : 
kq = (—d, —¢, b, a); (82) 
so that, by repeating this process of derivation, we find that the derivative of the 
second order, in the third mode, as well as in each of the two other modes, is the 
original quaternion with its sign changed, 
k’q = k.kqg = (—a, —b, —c, —d) = — 1q; (83) 
or, by detaching the symbols of operation from those of the common operand, 
e=—1. (71, 3) 


Finally, if we operate on the expression (82) for kq, by the characteristic 7, 
we find 
7-kG = Fs 30+1(— —, b; a) 
= (— b, a, —d,c) = 4q; (84) 


and, therefore, operating on this result by 7, we obtain, 
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VJ kG 14d) = — iq; (85) 
wk=—1; (71, 4) 


that is, 


so that the first coordinate derivative, of the second coordinate derivative, of the 
third coordinate derivative of any ordinal quaternion, is equal to that quaternion 
with its sign changed ; and all the parts of the compound assertion (72), or (4), 
are justified. 
8. We see, at the same time, by (84), that 
gk ='t3 (86) 
or that a derivation in the third mode, followed by a derivation in the second 
mode, is equivalent to a derivation in the first mode. If, on the contrary, we had 
effected the two successive derivations in the opposite order, operating first in the 
second mode, and afterwards in the third mode, we should have obtained an 
opposite result, that is, a result which might be formed from the previous result 
by changing the sign of the final ordinal quaternion: for if we operate on the 
expression (80) by &, we get 
kjq = (b, —a, d, — ce) = —7q, (87) 


giving the symbolic equation, 

k= =e (88) 
of which the contrast to the equation (86) is highly worthy of attention. Ano- 
ther contrast of the same sort presents itself, between the results of operating on 
the expression (80) by the characteristic 7, and on the expression (76) by the 
characteristic 7; for these two processes give, 


yq = (—d, —c,b, a) hq; } (89) 
gig = (d,c, — b, —a) = — ka; i 
or, more concisely, 
ok; g¢0= —k. (90) 


And, finally, we find, in like manner, by operating on (76) by &, and on (82) 
by 7, the two contrasted results, 


kiq = (—¢,d,a, — b) =Jq; 7] 

1 
tkq = (c, —d, — a, b) = — jq; j ee 
VOL. XXI. 2\¢ 
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giving 

ki =93 th ==. (92) 
The importance and singularity of these results (86) (88) (90) (92) induce us 
to collect them here into one view, as follows : 


3 Sie | 
i=t; = —v (93) = (8) 
ht o5) he | 


9. It ought, however, to be observed, that when once the fundamental for- 
mula, or continued equation (A), has been established, no new operations of 
actual derivation of quaternions, by inversions and transpositions of ordinal rela- 
tions between moments, such as have been performed in the foregoing article, 
are necessary, for the deduction of these equations (B). Thus if we knew, by 


any process independent of the actual derivations (84), that ? = ijk = — 1, or 
that ?q = ijkq = — q, whatever ordinal quaternion q may be, we could infer 
immediately that 

jkq = —Pjkq = —i.tjkq = —1(—q) = 1g, (94) 


and thus could return to the symbolic equation (86), or to the essential part of 
the relation (84), from the equations (A). Again, from those equations (A) we 
can infer that 


kg zijkg=—qrkq=k.kq, (95) 


and, therefore, suppressing the symbol kq of the common operand, which may 
represent any ordinal quaternion, we obtain the first equation (90), namely, 
ij =k. Operating on this by 7, and changing 7” to — 1, we find the second 
equation (92), = — Jj. Operating with this on —hq, we obtain again 7 = jk. 
Operating on this by 7, we get ji = — h; that is, we are conducted to the second 
equation (90). Operating with this on — 7q, we find the first equation (92), 
namely, ki = j. And, finally, operating on this equation by /, we are brought 
to the equation (88), namely, kj = — 2, which completes the symbolic deduction 
of (8) from (4). 
Either by a deduction of this sort, or by actually performing the operations 
indicated, we find also that 
ka =; (96) 
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that is to say, if we operate successively on any ordinal quaternion q by the 
three modes of coordinate derivation, 7,7, /, in their order (first by 2, then by J, 
and finally by £), the result will be the original quaternion itself. And if we 
make, for abridgment, in the notation of the sixth article, 


i= Ry, -0, 3 23 
nt > 4 
: Ry, -3, -0, 19 (97) 


rf . 
k = Rs, 2-1 —0? 


| Il 


so that the results of the operation of these three new characteristics, 7’, 7’, k’, on 
the quaternion (73), are, respectively, 
i’q = (b, —a,d, —c); 
Jq=(e, —d, —a, b); (98) 
k’q = (d, ce, — b, —a); 


we shall then have not only the relations, 


{= —4 9 50k = — hy (99) 
but also these others, 
= a WO | 
Jj =I =1; (100) 
i Si | 


on which account we may call these three new signs, 7’, 7’, k’, as compared with 
the signs 2, y, k, coordinate characteristics of contra-derivation, performed on an 
ordinal quaternion. 


Connexions between the coordinate Characteristics of Quaternion- Derivation 
and those of Octadic Transposition, introduced in the foregoing Articles. 


10. It may serve to throw some additional light on the foregoing relations 
between the coordinate characteristics, 7, 7, /, of quaternion-derivation, if we 
point out a connexion which exists between (1st) the system of these three signs 
and the sign —, which enters with them into the formula (4), on the one hand, 
and (2nd) the system of the four characteristics of octadic transposition, ,, w,, w., 
and w, which were considered in the second article, on the other hand. In 

th 


general, an ordinal set of the n" order, since it involves ” constituent ordinal 
262 
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relations, which are each between two moments, or because it is a complex ordinal 
relation between two momental sets, which are each of the n order, may be re- 
garded as containing, in its first conception, a reference to 2” moments; and 
these moments may always be supposed to be collected, in thought and in expres- 
sion, into a new momental set, of twice as high an order as the ordinal set which 


was proposed. In symbols, the ordinal set (54), which may be thus denoted : 
o’—Q— (45.45. - An) = (Ags Ay - + An_1)s (101) 


may naturally suggest the consideration of the following momental set, with 


which it is connected : 
/ 
(Ags Asie ae AeA ACs Ue Abert) 5 (102) 


and if the latter set be given, the former can be deduced from it. Hence every 
operation of transposition performed on the 2” moments of the set (102), is con- 
nected with, and determines, a certain corresponding change of the » ordinal 
relations of the set (101). Yor example, if in the formula of momental transpo- 
sition (18) we make s = 2, r= 1, then, with reference to a certain operation on 
the momental set (102), which consists here in exchanging the places of each mo- 
ment A with the corresponding moment a’, we obtain the symbolic equation, 


Maney ote (103) 


which implies that a repetition of this process of transposition would restore the 
set (102) to its original state. But the same operation on this momental set cor- 
responds to, and determines, a certain other operation, performed on the ordinal 
set (101), which consists in changing the sign of each constituent ordinal rela- 
tion, and in therefore changing, by the sixth article, the sign of the ordinal set 
itself, or in operating on that ordinal set by the characteristic —, or — 1; we 
might therefore, in this way, be conducted to the known result, or principle, that 
the sign —, or the coefficient — 1, is a symbolic square root of unity. And we 
might be led to express in words the corresponding conception, by saying that as 
two successive interchanges of the places of two moments, or of two momental 
sets, regarded respectively as ordinand and as ordinator, do not finally affect their 
ordinal relation to each other; the second transposition of these two moments or 
sets having destroyed the effect of the first: so too, and for a similar reason, the 
character (as well as the degree) of an ordinal re/ation is not changed, or is 
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restored, when it undergoes two successive inversions : the opposite of the opposite 
of arelation being the same with that original relation itself. Thus, in particular, 
for the case n = 4, the characteristic of octadic transposition, w, of which the 
symbolic square was unity, is connected with the sign —, or — ], prefixed, as a 
characteristic of inversion, to the symbol of an ordinal quaternion. 

11. Again, with respect to the sign of seMI-INVERSION, Y(—1), we may 
observe that 7f the exponent n of the order of the ordinal set be an even number, 
= 2mm, then we shall have in general, as a symbolic fourth root of unity, the fol- 
lowing characteristic of momental transposition, which may be obtained by 
changing r to 1, s to 4, and 7 to m, in the formula (18): 


m ,=1; (104) 


M4m_y, 0, 1,-. 4dm— 


and which takes the particular form (15), when m is changed to 1. And be- 
cause the symbolic square of the first member of (104) acquires the form (103) 
by restoring 7 in the place of 2m, we see that an ordinal set, if it be of an even 
order, such as is an ordinal couple or quaternion, may always be semi-inverted, 
and therefore operated on by the sign /(—1), in, at least, one way, through 
the medium of that momental transposition, performed on a momental set of an 
evenly even order, which is indicated by this first member. For example, when 
we operate on a momental quaternion (A’,, A’ Ay A,) by the characteristic 
M3, o, 1,2 We obtain the new momental quaternion, 

(Ap Ads Aty Ao) = Ma,o,1,2 (As Ais Aw» 41) 5 (105) 
and it is evident that, as was remarked in the second article, and as is included 
in the more general assertion (104), four successive transpositions of this sort re- 
produce the momental quaternion which was originally proposed to be operated 
on. But we now see, further, that if, on the plan of the article immediately pre- 
ceding the present, we connect, in thought, this momental quaternion with the 
ordinal couple, 

(Ags At) — (Ag 4,) = (Ao — Aw 41 — 4,)> (106) 
we shall thereby connect the foregoing operation of momental transposition with 
an operation of ordinal derivation, which must admit of being symbolically repre- 
sented by the sign »/(—1), and which here consists in passing from the couple 
(106) to this other ordinal couple : 


(Ay Ag) — (At, Ay) = (Ay — Aly Ad — Ag)- (107) 
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In fact, if we examine the changes of ordinal relation which have been made, 
in passing from the form (106) to the form (107), we shall perceive that they 
may be said to consist in first inverting the second constituent relation of the 
couple, namely, a; — a, which thus becomes a, — Aj, and in then transposing 
the two constituent relations. But this is precisely the process of ordinal deri- 
vation which was indicated in the sixth article by the characteristic R_, ,, and 
which we saw to be a symbolic square root of — 1. Indeed, as was noticed in 
that sixth article, it was on this property of this mode of derivation, that the 
present writer proposed, in a former Essay, to found a theory of algebraic couples, 
and of the use of the symbol »/(—1) in algebra. 

12. Proceeding on a similar plan, though not precisely by the formula (104), 
to illustrate those new symbolic fourth roots of unity which enter into the pre- 
sent theory of algebraic quaternions, by regarding those roots as certain charac- 
teristics of ordinal derivation, which are connected with certain other characteristics 


of momental transposition, we are now to consider a momental octad, which we 
shall denote as follows : 


C9) SS ((A Mg AG Eon, INS EG 5 Ae) 2 (108) 


and shall regard as being connected, on the plan of the tenth article, with the 
ordinal quaternion, 

q = (Aos Aly Ads A) - (Av Ay Ass Ay) 3 (109) 
that is, by (48) and (49), with the ordinal quaternion (55). If we operate on 
the octad Q by the characteristic of transposition w, defined by the symbolic 
equation (20) of the second article, then, according to a remark lately made, the 
resulting octad wQ corresponds to, or is (on the present plan) connected with, the 
quaternion — q; and thus the two signs » and —, as here used, have a certain 
correspondence, or connexion, though not an identity, with each other. Again, 
if we operate on the same octad © by the three coordinate characteristics of 
transposition w,, ,, w defined by the equations (21), we obtain these three new 
octads : 

OOS (Ap aas aA AS Aas 
@, 0, = (Ay Ag Age Ay Azy Age Ay Ai) 5 (110) 
,Q = (Ay Ag Alp Ago Ags Aas Ap Ay)’ 


to which correspond these three derived quaternions : 
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tq = (A, — Aly Ag — Ag As — Azy Ap — Ad) 

JQ = (Ag — Ay Ag — Ay Ao — Ay A — Ai)5 (111) 

kg = (Ag — Agy Ag — Ady Al — Ay Ap — Ap) 5 
the characteristics of derivation 77k being easily seen to have the same effect and 
significance here as in the recent articles. Thus the three coordinate charac- 
teristics of quaternion-derivation, 7, /, k, correspond respectively to the three co- 
ordinate characteristics of octadic transposition, , w,, w,; and since the sign — 
has been seen to correspond in like manner, as a sign of ordinal inversion per- 
formed on the quaternion q, to the other octadic characteristic w, we see that a 
correspondence is at once established between the symbolic equations (22), re- 
specting transpositions of the moments of an octad, and the formule (72) or (a), 
respecting derivations of an ordinal quaternion. ‘The equations (25) corres- 
pond in like manner to the formule (93) or (8); the octadie characteristics, 
ww, WW, ww,, correspond to the characteristics of contraderivation of a quater- 
nion, 7’, 7’, k’; the equation (27) might remind us that 7, 7, k, 7,7’, k’ are, all of 
them, symbolic fourth roots of unity; and, finally, the equations (26) show, by 
the same kind of correspondence of relations, that we may write the following 
formule, which include the results (71, 4) and (96) : 


ijk = jki = bij = — 13 | (112) 
ye = ty. = fae = 1 J 


Addition and Subtraction, or Composition and Decomposition of Ordinal 
Relations between any Sets of Moments. 


13. The usual correlation between the signs + and — may be extended by 
definition to expressions involving those signs in conjunction with symbols for 
momental and ordinal sets; and thus, by the use already mentioned of zero, the 
following equations, 


(eY —a) +Qa=a, 
(e”— Q’) + (e— a) =0"—-Q, |; (113) 
0+2=a, 
together with those others which are formed from them by changing each @ to q, 
may here, as elsewhere, be regarded as identically true. At the same time, the 
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two symbols 0—q and—q will thus be equisignificant, each denoting the inverse 
or opposite of that complex ordinal relation between two sets of moments, which 
is denoted by the symbol q ; because the symbol — q has been already defined 
to denote that inverse relation, and therefore we have now the two equations, 
(—q) +q=0, (0 — q)-+q=0; and the other isolated, but affected symbol, 
+q, may in like manner be interpreted as bemg equivalent in signification to 
0+ q, and therefore to q. With the conceptions of addition and subtraction, 
or of composition and decomposition of ordinal relations, which correspond to 
these notations, we may write: 


(aiyb'.3. care aah. era (a crab by 5 5 (114) 
By oe eee ce BaS } (115) 
R, (q 1d) =R8q + 8,q;... 


or, using © and A as characteristics of swm and difference, we may establish the 
important identities : 


ep eSPI ACLS FAG ss “NAGE (116) 


Addition of ordinal sets is a commutative and also an associative operation ; that 
is, we have the formule, 
i ee a (117) 
(ost Mt er dears) > (118) 
the former of these two properties of addition being connected with the principle 
of alternation of an analogy, which was mentioned in the fourth article. An 
ordinal set, of any order 7, may always be regarded as the swm of other sets of 
the same order, in each of which only one constituent ordinal relation (at most) 
shall be a relation of diversity ; for we may write, generally, 


q = (8 q, 0,..) + (0, R, gq, ..) + &e. (119) 


Thus, for example, the ordinal quaternion (73) may be expressed as the sem of 
four others, which may be called respectively a pure primary (ordinal quater- 
nion), apure secondary, pure tertiary, and pure quaternary, as follows: 


(a, b, c, d) = (a, 0, 0, 0) + (0, b, 0, 0) + (0, 0, c, 0) + (0,0, 0, d). (120) 
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Multiplication of an ordinal Set by a Number. 


14. With these preparations it is easy to attach a perfectly clear conception 
to the act or process of multiplying any single ordinal relation, a, or any ordinal 
set, q, by any positive or negative number, m. For having already agreed to 
regard 1q and q, as well as 1a and a, as being symbols equivalent to each other, 
so that we have identically, or by definition, 


es ilty 10) = 1l0)9 (121) 


and adopting also from common Arithmetic, which may itself be regarded as a 
branch of the Science of Pure Time, since it involves the conception of succes- 
sion between things or thoughts as counted, the abbreviations 2, 3, &c., for the 
symbols 1 +1, 1+ 1-+1, &c., we shall have an analogous system of abbreviated 
symbols to denote the composition of any number of similar ordinal relations, 
whether those components be simple, as a, or complex, as q; namely, the fol- 
lowing : 

ata=2a ata+ta=a3a, &c.; 

q+q=2q, 4+q+q=3,, &e. 


We may also agree to write, at pleasure, 2 <a, 3 Xq, &c., instead of 2a, 3q, &c. ; 
and with this use of elementary notations, the distributive and associative pro- 
perties of multiplication offer themselves in the present theory, under the well- 
known and elementary forms, 


: 
’ 122 
j (122) 


m(a’ + a) = ma’ + ma; (m’ + m)a=m'a+ ma; (123) 

(m'm) X a =m! X (ma); (m' + m) X ma= ma; (124) 

in each of which each symbol a or a’ of a simple ordinal relation may be changed 

to the corresponding symbol q or q’ of an ordinal set, and in which we may, at 

Jirst, suppose that m,m’, m’ — m, and m’ + m, denote positive whole numbers. 
Then writing (as usual), 

<a 0 Oa — 0; (125) 

we shall be able, with the help of the interpretations in the last article, to remove 


the last mentioned restriction, and to suppose that m, m’, m’ +m, m’ — m, 
m' x m(=m'm), and m' + m(=™), denote any numbers, whole or fractional, 
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and positive or negative, or null, from — © to + o, without violating any of 
the usual rules for operating on such numbers, by addition, subtraction, multipli- 
cation, and division; or rather we might deduce anew all those known rules for 
those fundamental operations on what are usually called real numbers, as conse- 
quences of the foregoing formule, or as necessary conditions for their generaliza- 
tion; observing, indeed, that for the case of ¢xcommensurable (but still real) 
multipliers, whether operating on a simple ordinal relation a, or on an ordinal 
set q, we are to use also an equation of limits, of the form, 


(lim. m) X a= lim.(m X a). (126) 


It is a consequence of these conceptions and notations that an ordinal set q is 
multiplied by a number m, when each of its constituent ordinal relations, k,4q, 
nq, &e., is separately multiplied thereby ; so that we may establish the formula, 


m/(a, b, ¢, . -) = (ma, mb, me, . .); (127) 
and therefore also, 
Ry.mq = MR,qQ3_R,.mq = mR,q ; &e. (128) 


And any ordinal relations, such as ma, mb, &c., or any ordinal sets, such as mq, 
mq’, &c., which are thus obtained from others, such as a, b, &c., or q, q’, &c., by 
multiplying them respectively by any common number m, may be said to be 
proportional to those others. 

We may also say that any ordinal relations, such as ma, ma, &c., and that 
any ordinal sets, such as mq, mq, &c., are proportional to the multiplying num- 
bers m, m’, &c., by which they are generated from any common relation a, or 
set q, as from a common multiplicand, when such generation is possible. 


Case of Existence of a simple numeral Quotient, obtained by a particular Divi- 
sion of one ordinal Set by another. 


15. The recent theory of the mz/tiplication of an ordinal set by a number, 
enables us to assign, in one extensive case, an expression for the result of the 
division of one ordinal set by another; for if we regard the equations 

(a’+a)Xa=a’, (q+ q)Xq=q; (129) 
as being identically or definitionally true by the general symbolical correlation of 
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the signs X and ~, we may then write, in virtue of the formula (127), this other 


and correlative formula, 

(as bisc5. -)' "(ay Dy Gee) 7, (130) 
whenever the following conditions are satisfied : 

GY A Sy oy) SS SU, (131) 


In other words, we know how to énterpret the quotient q' ~ q, of one ordinal set 
q’ divided by another q, namely, as being another expression for a simple or 
single number m, in the case when the constituent ordinal relations of the one 
set are proportional (in the sense lately defined) to then homologous constituents 
of the other set; and we have, 7m that case, the continued equation, 


q +q=R,q/ + Rg = RQ’ + RQ = &e. (132) 


But in the infinitely many other cases in which this condition of proportionality 
is not satisfied, the m numerical quotients, r,q’ + R,q; R,q’ + Rg, &c., being at 
least partially different among themselves, and therefore being not each equal to 
one common number m (whether commensurable or incommensurable, and 
whether positive or negative or null), it is, for the same reason, impossible to find 
any ONE such number, m, which shall be correctly equated to the quotient q’ + q 
of the two proposed ordinal sets, in consistency with the foregoing principles. It 
is, however, not impossible to find a system of numbers, which may, consistently 
with those principles, be regarded as representing this quotient of the division of 
one ordinal set by another ; and we proceed to give an outline of a process by 
which such a numeral system, or complex quotient, may be found. 


Investigation of a complex numeral Quotient, resulting from the general 
symbolical Division of one ordinal Set by another. 


16. Conceive that from any proposed expression of the form, 
“= (pete ctinoe ts,)) (133) 


for an ordinal set q of the n™ order, we form m other expressions of coordinate 
derivative sets, qo. Gy +» Qn» according to the type, 


S< 5 qh S<Fiqi=q7. = (Garp ae emia tan ae pe) (134) 
2H 2 
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in which it is supposed that the constituent ordinal relation a,,,, of the derivative 
set q,, has a determinate and known dependence on the 7 constituents, such as 
ay, of the proposed set q; and let us conceive that this dependence is expressed 
by a formula such as the following : 


Deg Cn Oop ete Cn eran soe tO men anenTs (135) 
the n* coefficients of coordinate derivation, c,. .,., bemg all regarded as constant 
and known numbers, whether positive or negative or null. It will then be pos- 
sible, without altering the constant numerical values thus supposed to belong to 
these n° coefficients, ¢,., to form a complex and variable derivative q’ of the 
set q, by multiplying each of the 7 simple or elementary derivatives already ob- 
tained, such as q,, by a variable number m,, and adding the » products together ; 
and the resulting set may be denoted thus : 


(ay Xo +m, X,+-- + Mm, Meapoc + mM,_; Xn) q I (136) 
> Mo + 7,4) Bp cata Mrqr + +. + Mn_, Qn-1 = q’ > } 


where we shall have 


, 


if (Hip tip oe ge ek) (137) 
if we make, for abridgment, 
a, = My ay, e 2, 8,,2 +--+ Mp ays + -- $+ Mn, Any, 53 (138) 


and the entire collection of signs of operation, m, X, + &c., which is prefixed 
between parentheses to the symbol q in the first line of the formula (136), may 
be said to be a characteristic of complex derivation, or a complex symbolic multi- 
plier. But instead of thus conceiving the set q’ to be deduced from q by this mode 
of complex derivation, or symbolical multiplication (136), with the assistance of 
the constant coefficients of derivation c, and of 2 given values for the variable 
multiplying numbers m, we may inquire, conversely, what system of numerical 
multipliers, ms. . My, +. Mn_,, must be assumed, in order to produce or generate a 
given ordinal set q/, as the symbolical product of this sort of multiplication; the 
multiplicand set q, and the constant coefficients c, being still supposed to be given. 
This inverse or reciprocal process may be called the symbolical division of 
one ordinal set by another, namely, of the set q’ by the set q; and it may be 
denoted by the following formula, which is the reciprocal or inverse of the for- 
mula (136): 

q’ = q = mM, Xo mM, Xe. May Kar (139) 
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To describe more fully the process which is thus briefly indicated, we may 
observe that, besides the ”* constant coefficients c, there are now given, or sup- 
posed to be known, 2” ordinal relations of the forms a, and a/ (or numbers pro- 
portional to these 27 relations), as the constituents of the two given ordinal sets 
of the " order, q and q’; which sets are here regarded as the divisor set and the 
dividend set respectively. Thus the n’ ordinal relations of the form a,,, are con- 
ceived to be known, as depending in a known manner on the m given relations a,, 
by the m? expressions of the form (135); and on substituting for these 7? ordinal 
relations, and for the 7 other given relations of the form a, in the 2 formule 
(138), any system of numerical values which shall be (in the sense of the 14th 
article ) proportional to these different ordinal relations, we shall thereby obtain x 
linear equations, of an ordinary algebraical kind, between the 2 sought numbers, 
m,: from which these latter numbers may then in general be deduced, by any of 
the usual processes of solution of such ordinary and linear equations. 

For example, after fixing upon any standard ordinal relation, or relation 
between two selected moments of time, and calling it a, we may first prepare the 
equation (138) by putting it under the form, 

a, +> a=Z,.m,(a,, +a); (140) 
in which £, is the characteristic of a summation performed with respect to r, and 
the quotients in both members are numerical. And then, by suitable combina- 
tions of the numerical quotients in the second member of this last equation, which 
combinations are determined by the given expressions (135), we may find a sys- 
tem of n* numerical coefficients of elimination, l,,,, of which the values depend 
on the constant coefficients c, and on the m given numerical quotients of the form 
a,-a, but are independent of the m other quotients a/+ a, and satisfy the n? con- 
ditions included in the formula, 


x, .1,.(a,.+ 2) = 0, or =/, according as r’ 2 or =r; (141) 
/ being here another number, namely, the common denominator of the elimina- 
tion. For in this manner we shall have 7 final expressions of the form, 
Mm; = 1 Z,.1, )(a,-—a)s (142) 
by which the sought coefficients of the symbolical quotient (139) can be, in 
general, determined. 
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Successive complex Derivation : Conception of a numeral Set. 


17. Suppose that, after deducing q’ from q, by the complex derivation or sym- 
bolical multiplication (136), we again derive another ordinal set q’’ from q’ by 
another multiplication of the same sort, with the same constant coefficients of 
derivation, c, but with a new system of variable numerical multipliers, m ; which 
supposition we shall, on the same plan as before, express as follows : 


(m, Xo +--+ me Xp+-- +m, Xi) 7 =q". (143) 
Making now, in imitation of the expression (137), 
Gi (Gos thay yte anes); (144) 
we shall have, as expressions analogous to (138) and (135), the following : 
Ber aN Beads (145) 
A y= Easy A} (146) 


and thus the result of this swccessive multiplication will be a determined and 
known set, q’’. In the next place, let this resulting set, or swecessive symbolical 
product, q/’, be divided by the original set q, which was at first proposed as a 
multiplicand; we shall then obtain, by the method described in the foregoing 
article, a symbolical quotient of the form, 

q’ = q = my Xo -- Men Ke tee + My Xa (147) 
in which, on the same plan as in the formula (142), and with the same system of 
eliminational coefficients of the form /, determined by (141), we have, 

Mi, = IE, hn, (ay = a). (148) 
Substituting for a/’ its value, given by (145), (146), and by (138) or (140), and 
eliminating the numerical denominator / by (141), we find that we may write : 
Myer = Vp ye Mp, My Ne, os, ott 3 (149) 
if we establish, for conciseness, the following formula, including 7’ separate ex- 
pressions for so many separate numbers : 
n,, Yr! (2, : Long Cy, sys a, «) = (2. . bs, 3 (150) 


in which it is to be observed that the sum which enters as a divisor is the same 
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for all the * quotients. The value of each of these numerical quotients (150) 
will, in general, depend on the z —1 ratios of the constituents a,, a, ...a,_, of 
the first proposed ordinal set q, or the ratios of the numbers to which these x 
ordinal constituents are proportional ; but it may be possible to assign (at the 
outset) such values to the constant but arbitrary coefficients of derivation c, or 
to subject those m* coefficients to such restrictions, that these n —1 arbitrary 
ratios of the n constituents a, in the expression (133), shall have no influence on 
the value of any one of the n® numbers included in the expression (150). When 
this last condition, or system of conditions, is satisfied, we are allowed to detach 
the characteristics of the successive symbolical multiplications of an ordinal set 
rom the symbol of the original multiplicand ; and as the result of the comparison 
of the formule (136) and (143), and of (147) under the form, 

q’ = (my KX +. + M1 Xn-1) | (151) 
we may write, 
Mg’ Kot «EM Kn—1= (MX oH + Mn Kur) (MyXaHs Mn 1Xn-1)3 (152) 
which will denote the reduction of a system of two successive and complex deri- 
vations, or symbolic multiplications of the kind (136), to one complex derivation 
of the same kind. Under the same conditions, the successive performance of two 
simple or elementary derivations, of the kind (134), will be equivalent to the 
performance of one complex derivation, of the kind (136), with numerical co- 
efficients independent of the original derivand, as follows : 

XK Kr S Vy Myr,r” Kom (153) 

We may also regard the m variable numerical coefficients m,, in the quotient 
(139), obtamed by the symbolical division of one ordinal set by another, as com- 
posing, under the same conditions, a NUMERAL SET; and this new sort of se¢ may 
be detached, in thought and in expression, from the two ordinal sets which have 
served, by their mutual comparison, to suggest it. The quotient (139), when 
thus regarded as a numeral set, may be denoted as follows : 


q =q=97 =(m, mM, ..™,_,)3 (154) 
the letter g, when used as a symbol of such a set, being written in the Italic cha- 


racter: and then the 2 numerical relations, which are included in the formula 
(149), may be supposed to be otherwise summed up in the one equation : 


(Mo's. Mig. May) = (MG. My MG)! (Mb) * «My v's My _,): (155) 
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And conversely, this last equation, which asserts that the numeral set in its first 
member is equal to the symbolical product of the two numeral sets in its second 
member, may be considered to receive its ¢néerpretation from the formula (149) ; 
in which the 2? numbers 7,,,.,,, may be called the coefficients of multiplication of 
a numeral set. But it is necessary to consider more closely what are the forms 
of those conditions of detachment which have been above alluded to, and which 
(according to the view here taken) are required for the (separate) existence of 
such a numeral set; it will also be proper to give, at least, some examples of the 
possibility of satisfying the conditions thus determined. 


Conditions of Detachment. 


18. The following appears to be a sufficiently simple mode of discovering the 
conditions of detachment, under which the values of the numerical coefficients, 
2,» 1 (149) or (150), shall be independent of the ratios of the ordinal con- 
stituents of the set q, which is originally operated upon. Employing the charac- 
teristics of ordinal separation, as explained ina former article, we may now regard 
it as being the definition of the sign of derivation X,, that this sign satisfies the 
symbolic equation, 

eee aS (156) 
which gives 

By Nr aires ee Ny 
Sy Cn Ona Bis (157) 
On the other hand, the equation (153), when operated on by the characteristic 
of separation R,, gives, by changing 7” to s, and by afterwards changing 7, s in 
(156) to s,s’: 
Ry Xp Xp = By, - Myr, Ry Xz 
PS ge nis Cp re Bie (158) 


We are then to satisfy the equation, 


= 5, .( 1} (BK Ce Ba Xr) 
= Let (Cee Cy et a Cy, eye Ox.) Ry3 (159) 


and because we are to do this independently of the ratios of the » constituent 
ordinal relations a,, which are obtained from the ordinal set q by the m operations 
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of separation R,, we must endeavour to satisfy all the numerical conditions which 
are included in the form, 


OSS ot ot Cs et Gr terra t) = (160) 


The number of these conditions of detachment (160) is n‘, because each of the 
four indices, 7, 7’, s’, t, may receive any one of the 7 values 0, 1,...2—1; and 
they involve only 2° numerical coefficients, or rather their ratios, which are 
fewer by one, to be determined; from which it may at first sight seem to be 
impossible to satisfy all these conditions of detachment, except by making all the 
coefficients of derivation vanish. Yet we shall see that when m = 2, namely, for 
the case of nwmeral couples, the conditions admit of an indeterminate form of 
solution: and for the case m = 4, it will be shown that they can also be satisfied 
by that system of coefficients on which is founded our theory of nwmeral quater- 
nions, and even by a system of coefficients somewhat more general. A more 
complete discussion of the important formula (160) will not be needed for the 
purposes of the present Essay. 


Case of Couples. 


19. If we suppose 2 = 2, then the index s, with respect to which the summa- 
tion is to be performed, can be only 0 or 1; the formula (160) becomes, there- 
fore, in this case, 


nN, +1, 0 Co, at + nN, rl Ci, «, t = C,,, ,0 C,, 0, t + C+, Bek Cc, 1,¢* (161) 


If we suppose also that the two simple or elementary derivations of one ordinal 
couple from another are denoted thus: 


Xo (A> a.) = (gos Ao,,) = (aa, a’a,, ba, + 5a); } 
Xa hosee = Ch Oy) (ca, + ¢’a,, da, + d’a,) 5 


we shall have, by (135), for the 2*= 8 coefficients of derivation of the form ¢ 
the abridged symbols : 


(162) 


7,8,0 
C = 7 ne SHO aS eS i's 

0, 0,0 0, 0,1 p 0, 1,0 0,1,1 f } (163) 
Cicoses, Crt s eyo es Cane: 

And if we employ in like manner these other temporary abridgments, for the 


eight coefficients of multiplication of one numeral couple by another, 
VOL. XXI. 21 
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MoO; Ny gies Ayes Mess } (164) 
20,0 =8§3 eo = ee oles i es 


the equations of detachment, included in the general formula (160), will then, 
by (161), be the sixteen following : 


(t = 0) (= 1) 
(ss =0) eate'c=aa+ab; ea +e'c’=ad +a'l’; \ (165) 
(§=1) eb+ed=ba+b; eb’ +e'd’=ba' +); Gr ==0, 4 =0) 


(§=0) fatfire=ca+ec'b; fa +f'c’=ca +c’; | (166) 
(§=1) fb+fd=da+d'b; fl+fd=ddi' +d’; J (i =0,a.—4) 


(ss =0) gat+g’c=ac+a'd; ga+g'c'=ac' +a'd; \ Shel LOT 
(.=1) gh+e’'d=lbe+bd; gh'+eg'd/=be +0'd'; GaN fea) 
(ss =0) hathc=cco+ecd; ha'+h'c' =ce'+ cd; (168) 
(§=1) Ab+Nd=de+d'd; hb'+Wd=de'+dd. } r= 1) 


Now the twelve equations (165) (166) (167) are all satisfied, independently 
of c, ec’, d, d’, if we suppose 


Ci ah, Os ee Og (169) 
and then the four remaining equations (168) take the forms, 


ha + (h’'—c)c=c'd; (h’—c-—d)c'=0;  } 


170 
(h'—c—d’)d=0; hat+(N-d')d=cd; J Cy 

which are satisfied by supposing 
Wi=e+d; ha=cd—-cd. (171) 


Accordingly, with the values (169), the sign of derivation Xx, reduces itself to the 
ordinary numeric multiplier a, so that we may write simply, 

ASS 5 (172) 
and while the other sign of linear derivation x, retains its greatest degree of gene- 
rality, consistent with the order of the sets, namely, couples, which are at present 
under consideration, so that the four numerical constants ¢ c’ dd’ remain entirely 
unrestricted, the symbolic equations of the form (153) become now, by (164), 
(169), and (171): 
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x Gp Sle XE class 

Xi Xo =f Xot Sl X, = 4X3 

Xo Xi =SXotS Xi =4Xi3 (173) 

SG Sh eS 

=a'(e'd—cd')x,+ (e+ a) x3 
and these equations are, as we aimed that they should be, independent of the 
original derivand, that is, here, of the ordinal couple (a,,a,). In fact, the three 
first equations (173) are evidently true, by (172), whatever the constant co- 
efficients of derivation included in the sign x, may be; and if, by the definition 
(162) of that sign of derivation, we form the successive derivative, 


X1 X1 (aos a) = X1 (4, a,,,) 
= (ca, 0 + ca, Vv da,, as da, ) 
= (e(ca, + c'a,) + ¢'(da, + d’a,), d(ca, + c’a,) + d’(da,+d’a,)), (174) 


we are conducted, whatever the two original constituent ordinal relations a, and 
a, may be, to the same final ordinal couple, as if we add together the two partial 
results, which are obtained by the two derivations represented by the two terms 
of the last member of the fourth equation (173), namely, the two following 
couples : 

a~' (ce'd—cd') X, (a> a,) = ((e’'d—ed’) a, (c’d—cd')a,); } (175) 

(c +d’) X, (a a,) = ((e +’) (ca, c'a,), (e+ d’) (da,+ d’a,)). ‘ 
We may therefore express the result of two successive and complex derivations of 
this sort, performed on an ordinal couple (a,, a,), by a symbolical equation inde- 
pendent of that original derivand, or operand couple, namely, by the following : 


(M5 Xo + M X1) (MXo+ mM, X,) = mM Ky + my Xp (176) 


which is included in the form (152), and in which we have now these two rela- 
tions, of the form (149), between the numerical coefficients : 


mi, = am,m, + a*(c'd — ed’) mim, ; | (177) 
my = am, m, + am, m, + (e+ d’) mim. 


Under the same conditions we may also write, more briefly, 


(ms, mi") = (mM, M1) (AN ™,)s (178) 
212 
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as in the general form (155); and may regard the one mwmeral couple (m;',m;') as 
the symbolical product of the other two. If we simplify the formule by assuming 
the five constant coefficients of derivation which still remain disposable, namely, 
a, ¢, c’, d, d’, as follows: 


SFG, 6S 15 d= Gd =o (179) 
we shall then have 
Xo (ae a,) = (a, a,) ) Xi (a a,) = (—a, a, > (180) 


or more concisely, 

DG Ss NSS SSR A (181) 
this last symbol being here the same characteristic of derivation of an ordinal 
couple which was considered in former articles of this paper. And the equation 
for the multiplication of two numeral couples will then reduce itself to the follow- 
ing form : 

(mM M;) (MM m,) = (m5 mM, — MM, MM, + mM), m,) (182) 


which agrees with that assigned in the earlier Essay. (See Vol. X VII. page 403.) 
With the same values of the coefficients of derivation, and consequently with the 
same values of the coefficients of multiplication likewise, we may write also, as 
in that Essay (compare the page just cited), a formula for the division of one 
numeral couple by another, namely : 


(anos m2 wl = Ce yS ae mi +m, mi mi’ Mo my erat \ (183) 
(Mm; m,) m+m mi, + my 

It is not necessary, and it would detain us too long from the main subject of 
this memoir, to consider here any other and less simple formule of the same sort, 
which may be obtained for the same case of couples, by any other systems of co- 
efficients of derivation and multiplication, which satisfy the same conditions of 
detachment, assigned in the present article. 

20. It may be instructive, however, to consider here the same case of couples, 
as an exemplification of some other general formule which have been already 
given in this Essay. Writing, for abridgment, 


api Os a, a as ae ae (184) 


and in like manner, 
a, a= GQ, ,5 ane a=—a bee (185) 
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the quotients thus denoted being numerical; we have, by article 16, for the case 
n = 2, the commas in the compound indices being here omitted for the sake of 
conciseness : 


Ag = Coo % Con B53 — My = Con Bo Con 15 I (186) 

Bry = Cro By Cy 2,3 yy = Cyy9 Fy Oy. 2,5 

Ay = Mp Ay FM, Ay 5 A = My Ay + M, 4,3 (187) 
i Loo Ogg + lo a= Lig Ay == Ln ays } (188) 
OH Mg Qi H bo @n = bho Gog Ay Gon 5 


and, consequently, 
ling = bog A A lo, 15 ] (189) 
Im, = ly a, + 1, a. J 


Again, by article 17, for the same case » = 2, we have the analogous formule : 


i , ing on = 1 le, 
qq = Cop Bq = Cop, 13 — By = Cor BH Con 15 (190) 

ic es. ‘ = ore ’ PS 
By = Cy FC M3 — Ar = Cy % A Cn U3, 


Ay = Mo Ay + IM; Bios A = May, + May; (191) 
and then, assuming these other expressions, 

ay = My Ay + mi a3 a = mM ay +m) a, (192) 
we find, by (188), two equations of the same forms as (189), namely, 


Img =, a0 +2, a1 5 } (193) 
Imi = 1,, a5’ +4, ay’. 


Making, therefore, according to the general rule contained in the formula (150), 


ip Snel Cues Gre 


= (Jpn Cr00 bby C10) eo Cora Cros tba Cyrn) Any (194) 
we have results included in the formula (149), namely, 
Mi; = S12, Mp Neos My ==,» M.MoN,. 5 (195) 
that is, more fully, 


Tk fares / p, / pat) : 
My, = My Mp Nog) My My NMyyg FM, My Rigg FM, M, Niyo 5 | (196) 
My’ ZS MyM Nyy + MyM, My, FM, IM; Nyy FM, MN, J 
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Thus, in particular, the coefficient of the product m, mz in the expression thus 
obtained for mj’, is, 


Nooo = I" Log (coo Qo aif Con My) 


=F Lo, (Ca Ao af Con Gy). (197) 


The equations (188) permit us to write 


[og = An 3 ly, = — 3 — — Ay) 3 dy = Qo 5 (198) 
provided that we assign to / the value 
l= Ayy Ay, — Ao Ar (199) 
Hence 
— 4 (C000 Ao SF Com d,) — (Giro Any aia Con ay,) 9 
—— (200) 
Ayy Gy — Ao %M 


If we substitute, in this expression for 2, the values (186) for dy) G5 Qo Gp 
we shall thereby obtain, in general, a certain function of a,, a, which will be 
homogeneous of the dimension zero, because it will present itself under the form 
of a fraction, of which the numerator and the denominator will be homogeneous 
and quadratic functions of the same a, a, In order that this quotient of two 
quadratic functions of the number expressing the ratio of a, to a,, or of a, to a), 
may be itself independent of that ratio, we must have certain relations between 
the coefficients ¢,,,. &¢,, and the fraction itself must take a particular value con- 
nected with those coefficients; which relations and value may be determined by 
the three equations : 


Moo (Ero Cro — ©i00 Coo) = x9 (Coo + Coo Cow) 
— ,00 Goro (6:00 + Con) ; (201) 


Nooo (Coo Cin — S100 Con =5 Con Cro — F101 Coro) 
= n (ooo a Coon Cow) — 11 Coo (ooo =e Con) 


=F Cx Gon (E000 + Cond — 100 (oi Coo. te Cin) > (202) 
Nooo (Coo Cin — i Gay) = in Coo (CPs + Con) 
— €9) (Gio Con + Cu) (203) 


In like manner, each of the seven other coefficients, 7,,,, &c. in the expres- 
sions (196), will furnish three other equations of condition, which must all be 
satisfied, in order that the values of these coefficients of multiplication of couples 
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may be independent of the original ratio of a, to a,, or of a, to a,; and each of 
the twenty-four equations thus furnished, of which the equations (201), (202), 
(203), are three, is an equation of the third dimension, with respect to the coef- 
ficients of derivation and multiplication, Cj.) &C., Mo, &e. | We should, therefore, 
by this method, have obtained equations more numerous and less simple than 
those which were given by the method of the eighteenth article: which method 
there is, therefore, an advantage in introducing, even for the case of couples, 
and much more for the case of quaternions, or other ordinal and numeral sets ; 
although the method above exemplified appears to offer itself more immediately 
from the principles of the seventeenth article. 

But to exhibit by an example the agreement of the two methods in their 
results, let the symbols defined by the equations (163), (164), be employed to 
abridge the expression of the equations (201), (202), (203); the latter will then 
become : 

e (ad — ch) =d(a’+a’/b) —ch(a+b'); ] 
e(ad' — ch’ +a'd — cb) =d' (a + a'/b) — cb (a+d’) | (204) 
+ da’ (a +0) — c(ba' +8”); 
e(a'd'— cl‘) = da (a+b’) —c' (ba +b”); J 
and it is evident, upon inspection, that these three equations (204) may be 
deduced by elimination of e’ from the four equations of detachment (165), which 
were obtained by the simplified method; and which, in that method, formed part 
of a system of only sixteen (instead of twenty-four) equations, each rising no 
higher than the second (instead of the third) dimension. 


Associative Principle of the Multiplication of numeral Sets: Characteristics of 
numeral Separation. 


21. Whenever, for any value of the exponent m of the order of a set, we 
have succeeded in satisfying the z* simplified equations of detachment, included 
in the formula (160) of the eighteenth article, and have thereby found a system 
of n’ coefficients of derivation, and a connected system of 7’ coefficients of mul- 
tiplication, with reference to which two systems of coefficients an equation, or 
rather a system of equations, of the form (153) can be established, independently 
of the x — 1 ratios of the constituents of that ordinal set q, on which the two 
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successive derivations are performed ; it is evident that we can then proceed, in 
like manner, to perform on the resulting set a third successive derivation; and 
that, with respect to such successive operations of derivation, the following simple 
but important formula holds good : 


Kip Rees Reker (205) 


To develope this symbolical equation, which may be said to contain the asso- 
ciative principle of the multiplication of numeral sets, we may conveniently 
employ a characteristic of numeral separation, N, analogous to those two charac- 
teristics, M and rR, which we have already introduced in this paper, for the pur- 
pose of expressing separately the different moments of a momental set, and of 
separating, in like manner, those constituent ordinal relations between moments 
which compose an ordinal set. Let us, therefore, agree to regard the m equa- 
tions, 

iM, = Neg 5 HS Nyy ss Me = (206) 
as jointly equivalent to the one complex equation or expression (154), for a 


numeral set g, of any proposed order 7; in such a manner that we shall have, 
identically, for numeral constituents and numeral sets, the equations 


My Na (Mm, mM. 2 Nn, =); } (207) 
Mm, =N,(™, My -. Mn), --- 

and 

q = (Nolo Nie +> Naa) (208) 
which are analogous to those marked (10) and (11), for moments and momental 
sets, and also to the formule (57), (58), for constituent ordinal relations, and for 
the ordinal sets to which they belong. We may then substitute for the formula 
(153) of symbolic multiplication, or of successive derivation, the following : 

N;- Ke Kr = 1, 7,83 (209) 

which will give, also, by suitably changing the letters, 


Nye Xe Xe = M5,¢3 (210) 
the commas in the indices being here, for the sake of greater clearness, restored. 
In this manner we find that 


Nei Xi Kes +) = z, . Ny vt, s Ne, e, 5! (211) 
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But, also, 
NO eS SU Nilo Se SS (212) 
and, therefore, 

Ni OSD) SAT TER (213) 
consequently, by operating with the characteristic n, on the symbolical equation 
(205), we obtain this other form for the expression of the associative principle, 
considered as establishing a certain system of relations between the coefficients of 
multiplication : 

OS 2 (OAs ae ae) (214) 
We are, therefore, entitled to regard this last formula, or the system of numeri- 
cal equations of condition which it includes, as being a consequence of the analo- 
gous system of conditions included in the formula (160), because the associative 
property of multiplication is a consequence of the principle of detachment. And 
on comparing the two formulz, we perceive that as soon as the one last deduced, 
namely, (214), has been satisfied by a suitable system of coefficients of multipli- 
cation, then the one previously established, namely, (160), can be immediately 
satisfied also, by connecting with this latter system asystem of coefficients of deri- 
vation, according to the rule expressed by the following very simple equation : 

Ce i esas (215) 

For example, in the case of couples, with the abridged symbols (163), (164), 

for the two systems of coefficients, this rule (215) would have shewn that if we 

had in any manner succeeded in satisfying the sixteen equations of detachment 

(165), ...(168) between abed a’b‘c'd’ and efgh e’f'g’h', we could then satisfy the 

same equations of detachment with the same values of the eight latter symbols, 
and with the following values for the eight former : 

ine oh. (bi She! oe es=aifs, domenf' 5 | (216) 

A peep ahs ad Sh"'; 


which, in fact, will be found to agree with the values of the nineteeth article. 


Connexion between the Coefficients of Derivation and of Multiplication ; sim- 
plified Conception of a numeral Set, regarded as expressing the complex 
Ratio of an ordinal Set to a single ordinal Relation. 


22. The rule (215), for connecting together the two systems of coefficients, 
VOL. XXI. 2k 
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of derivation and of multiplication, admits of being interpreted or accounted for 
in a very simple manner. 

The coefficient c,,,.,, introduced in the sixteenth article, may be regarded as 
having been generated, or, at least, brought under our view as follows. We first 
supposed an ordinal set, q, to be operated on by the elementary characteristic of 
derivation X,, so as to produce thereby a derivative set, q,. We then operated 
on this derived set, in a way which may be indicated by the characteristic of 
ordinal separation, k,, and so obtained a result of the form 

Rs Xrq = a, (217) 
And, lastly, we analyzed this result, so as to find the part of it which depended 
on, and arose from, the constituent a, or r,q of the original operand set ; and 
the coefficient of this constituent a,, in the part obtained by this analysis, was 
denoted by c,,, , and was regarded as a coefficient of derivation. On the other 
hand, the coefficient of multiplication, 7, may be said to arise thus: an ele- 
mentary derivation, denoted by X,, is succeeded by another, denoted by x, 3 
the compound operation, X,X,, is detached from the operand, and regarded as 
equivalent to a single complex derivation, of which the characteristic may be 
symbolically equated to a certain numeral set; this last set is subjected to the 
characteristic of numeral separation N,, or to an analysis equivalent thereto; and 
the result is, by (212), the coefficient of multiplication in question. 

Now the agreement of the results of these two processes, which is expressed by 
the equation (215), becomes quite intelligible and natural, if we conceive that 
the constituent a, of the operand set q, on which constituent alone we really ope- 
rate in the former process, the others being, in fact, set aside, as contributing 
nothing to the result here sought for, has been itse/f produced or generated by 
an earlier operation of the form a, X, (where a, has the same signification as in 
(184)), from some one primary or original ordinal relation, such as that which 
was denoted in some recent articles by the letter a. In this manner we may be 
led to look upon any ordinal set, such as the set q in the equation (133), as 
being generated by a certain complex derivation, which is expressed by a certain 
numeral set g, from a single standard ordinal relation, a, or from the relation 
between some two standard or selected moments of time, according to either of 
the two reciprocal formule : 

q=7a=X.a Xa; Or, J=QtaH—»,.a Xr; (218) 
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in which last equation the members are symbols for a numeral set. And thus a 
numeral set (q¢) may come to be conceived as being a system or set of numbers, 
serving to mark or to express the complex ratio which an ordinal set (q) bears 
to a simple or single ordinal relation (a), regarded as a standard of comparison. 


Case of Quaternions ; Coefficients of Multiplication. 


23. In the case of quaternions, the formula (214) gives a system of 4‘ = 256 
equations of condition, included in the following type (in which w has been written 
instead of 7’, and the accent common to all the indices s’ has been omitted as un- 
necessary in the result) : 

1,,14,0 M1, 0,2 Mr, u,1 M18 TH Mp,u,2 Mt,9,2 + Me, 3 Nt, 3,5 
= No, ue Mer,0 7 Mi, u,0 e211 TH Mo, ue Ns 9  N3,u, 5 %t,7,33 (219) 
each of the four indices, 7, s, ¢, uv, in this last formula, being allowed to receive 
any one of the four values, 0, 1, 2,3. And all these two hundred and fifty-six 
equations are satisfied when we establish the following system of numerical values 
of the sixty-four coefficients of multiplication (in which the commas between the 
indices are again omitted for conciseness) : 


No = 13 Nor = 05 Non =03 Mux = 03 

Noo = 0; My = 1; Nn» = 0; Nn3 = 0; (220) 
Now = 03 Non = 03 No. = 13; M3 = 05 

Noo = 05 Nos, = 03 Nose = 05 = M3 = 15 

Moo 0; My = 1; Moo = 0; Nos = 0; 

Myo =—-1l; my =0; my. =O; Ny3 = 0; | (221) 
(Oey = UR 2 te SUS Vea SOR aa Sle 

Mn =O My = 0; “%e— 13 ny, = 0; 

Nisqg =O GPa OF SE gate Lise 172559 = OS 

Ny = O05 Mo, = 05 My2= 03 M,= 1; | (222) 
No =—13 My, = 03 Moyo = 05 No = 05 

Non = 03 Nog, =—13 Mo = 03 Mog, = 05 

Noo = 93 Ny, = 93 Msp = 03 Mo = 15 1 

Nay = 0; Nz, = 03 Nyx. =—13; Ny3 = 0; | (223) 
Ny =O; M3, = 13 N3o = 0; Ny, = 0; | 

Ns =—15 My, = 03 Mage = 03 Ns = 0. J 
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We might content ourselves with proving the truth of this assertion by actual 
arithmetical substitution of these sixty-four values in the two hundred and fifty- 
six equations; but the following method, if less elementary, will probably be 
considered to be more elegant, or less tedious. It will have, also, the advantage 
of conducting to a somewhat more general system of expressions, by which the 
same equations can be satisfied; and will serve to exemplify the application of 
the fundamental relations, (a), (B), which were assigned in the sixth and eighth 
articles, between the important symbols 774, and on which the present Theory of 
Quaternions may be regarded as essentially depending. 

24. Let us, then, first form, from the type (219), by changing the index r to 
the value 0, the following less general type, which, however, contains under it 
sixty-four out of the two hundred and fifty-six equations of condition to be 
satisfied : 


Nowa Mtoe + Nour Mes 1 Nous Mize 1 Nous Meas 
= Nous M100 + Mus Mm F- Nous Moz  MRsuz M03 (224) 


Make, tor abridgment, 
Yiu = Nw + Ma + nus + knys 5 (225) 


ijk being the three symbols just now referred to; we may then substitute for 
(224) the following formula, deduced from it, but not involving the index s: 


Now Jo + Nona Yr $ Now Yeo + Nous Us 
= Jou M100 Jiu Mr F You Mos + Yu Ns: (226) 


This, again, will reduce itself, by the same definition (225) of the symbol ¢,,, to 
the identity, 


You {to = You Year (227) 
and therefore will be satisfied, if we satisfy the six conditions : 
Wa = Wo 3 2 =99a3 da = kqu3 | (228) 
Viu = Youd 3 Tou = Youd 3 Y3u = Youk- J 


If, instead of making 7 = 0, we make 7 = 1, in (219), we then obtain, instead of 
(224), the formula : 


Nywo Mos A Miu Mas FF Miuz Mes + Mis Nese 
= Nous Mo A Mius Mer Maus Mere A Maus Me 33 (229) 
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and the symbolic equation (226) is replaced by the following : 


Nywo Jeo 7 Mur Ya 7 Mie Yeo + Mins Yes 
= Youn + Qiu Mar + QauM a2 + Yau Muss (230) 


which, under the conditions (228), becomes first, by the definition (225), 
Yiu Yoo = Jou Yas (231) 
and then is seen to be satisfied, in virtue of the same conditions. 
In like manner by making 7 = 2, in (219), we find 
Nou Nos Nour Mas 7 Nous Nis + Nous Nias 
= Nous M20 = Mins Me. FH Nous Moe $+ Ngus N13 3 (232) 
and this, under the form 
Nou Yt + Nou Ya + Nova Te + Noys Yes 


= Jou M20 + Qiu Mer + JouT22 + YauMr239 (233 ) 
is satisfied by the same conditions (228), since they give 
Jou Gto = You Yt2 (234) 


Finally, the formula obtained from (219) by making r = 3, namely, 


M3uo Nios A Maur Ns FF Maua Nias +H Ngug Miss 
= Nous N30 $F Mirus M31 Nous Nise TF gus Maa» (235) 


or this other, deduced from it by the help of (225), 


N3u0 Yto 7 Maa Yr + R3u2 Yor + N3us Yes 
= Fou + Jiu t31 + Jou Nese + T3u 11339 (236) 


is satisfied by the same conditions (228), which give 


Yau Yoo = You Yes- (237) 
We shall therefore satisfy not only the sixty-four arithmetical conditions included 
in the type (224), but also the sixty-four others included in the type (229), the 
sixty-four included in (232), and the sixty-four included in (235); that is to 
say, we shall satify the whole system of the two hundred and fifty-six arithme- 
tical (or ordinary algebraical) conditions included in the formula (219), if we 
satisfy the system of the siz symbolical equations (228), which involve the three 
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symbols 7j& in their composition ; provided that we do so without establishing 
any linear relation between those three symbols and unity. This last restriction 
is necessary, in order that each of the four symbolical formule, (226), (230), 
(233), (236), not involving the index s, may be, as we have supposed, equiva- 
lent to the corresponding one of the four arithmetical formule, (224), (229), 
(232), (235), in which that index s, occurs, and is permitted to receive any one 
of the four values, 0, 1, 2, 3. 
25. If we write, for conciseness, 


GW = Nooo == Moy + fone == N39 (238) 
the conditions of the preceding article give the sixteen symbolical equations : 
Yoo =%o3 YIn="Yo3 Yr=IG3 Yuo=hhs 
Qo = Jobs In = "G3 Yo = Jes Ns = Kgs 
av = JoJ 3 Yr =*YoI > Yr =JV0I3 Joa = kod 
Yoo = Tks Yn = Yok > Yr =JJoks Tos = hqoks 


(239) 


in which, while still retaining the linear independence lately assumed to exist 
between 7, j, i, and 1, we may now suppose that the squares and products of the 
three symbols, 7, j, &, are determined, or eliminated, by the help of the funda- 
mental formula (a), assigned in the sixth article, namely, 


C= —e =o — Bs (a) 
together with those others which this may be considered as including, especially 
the following : 

yah f= he eH ey S — 1; AS), k= = 7. (3) 
In this manner, by (225) and (238), while the first of the sixteen symbolical 
equations (239) is identically satisfied, each of the other fifteen will resolve itself 
into four ordinary equations, independent of the three symbols 2, j, & ; and thus, 


if we denote, for conciseness, four of the numerical coefficients of quaternion 
multiplication as follows, 


Nis) SOs Ng NEMO IG Ie, (240) 


the other sixty coefficients of such multiplication may be expressed in terms of 
these: and the values so obtained will satisfy the two hundred and fifty-six con- 
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ditions included in the formula (219), whatever four numbers may be chosen for 
GsrbvGn Oe 
And if we farther simplify the formule by supposing 


al a On OY CeO aie, (241) 


which will be found in the applications to involve no essential loss of generality, 
we then obtain, from this last-mentioned system of expressions, that system of 
sixty-four numerical values for the sixty-four coefficients of multiplication of 
quaternions, which was assigned in the equations (220), ... (223), of the twenty- 
third article. 


Coefficients of Quaternion- Derivation ; Comparison of Characteristics. 


26. Adopting, then, those values, (220), ...(223), for the sixty-four coefficients 
of multiplication, let us, at the same time, in accordance with the rule (215), 
adopt also such a connected system of values for the sixty-four connected co- 
efficients of derivation, c,,,,, as shall give the continued equation, 


1 = Cy 9 = Con = Con = Cogs = — Cin = Eno = — Cvs 


2 2 
= — Cyop = Cyy3 = Coq = — Cy, = — Cyq3 = —Cgyg = Cyq, = Coy 5 . (242) 


3 


ten of these coefficients c being thus each equal to + 1, and six others being each 
equal to — 1, while the other forty-eight coefficients of derivation shall, by the 
same rule, vanish. 

The formula (125) will thus give the sixteen following equations : 


Dog = ay 3 ay, = ay Ayo — ay 5 ays = a, 3 ] 

Ay = —A5 A, = AH Ay = — A353 AZ = AQ5 { (243) 
Ay) =— 4,5 A) = 8,5 2, = %5 4, = —A,5 | 

A3y = —435 43, = Ans Ay = 85 Ay, = Ay5 


and, therefore, by comparing the definitions (134) and (70), we shall have the 
four expressions : 
id= (ap Ais) i das A) Paavllaye | 
S25 | = (CE cn © es EL) Saale 
xo = (—a, ay ay» —a,) =Jq; 
xq =(—a, —ay a, ay) seca; 


(244) 
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for the results of operating, by the four elementary characteristics of derivation, 


Xo. Xiy Xo) Xz which are thus seen to be equivalent to 1, 2,7, &, on the ordinal 


° 
quater nion, 

C= (aps > Ags a,). (55) 
Whatever the constituents of this original operand may be, since the equations 
of detachment have been satisfied by the choice of the constant coefficients, we 
shall have, by the formula (153), and by the values (220) .. (223), sixteen 
expressions for the symbolic squares and products of these elementary charac- 
teristics of derivation, which are independent of the quaternion first operated on ; 
namely, the sixteen expressions following : 


5 ig Sig ral OF pa eer ae ooh ae Es Es See 
Kg, = ae Xa ns Oe Kage Oa xX pS ee (245) 
Xo Xe Mase hee he RES ee Xe ee 
Xo X3= X%g3 Xi X3=—%os Xa Xs Xp; SE pe “UNE 
which might also be deduced from the equations, 
SOE Sa aX ies (246) 


Product and Quotient of two numeral Quaternions ; Law of the Modulus. 


27. We may also write, by (155), 


(my, m;’,m;, m;,.) = (mi, Mig My M5) (Myy My May 1205 )s (247) 
and may say that the nwmeral quaternion (mj, mj’, m;', m3) is equal to the 
product obtained when the numeral quaternion (m,, m,, m., m,) is multiplied, as 
a multiplicand, by the numeral quaternion (7, 7}, m, m3) as a multiplier ; pro- 
vided that, by the formula (149), with the same values of the coefficients of mul- 
tiplication, we establish the four following equations between the twelve numerical 
constituents of these three numeral quaternions : 

mo = mm, — mM, mM, — MM, — M3 M, 5 

mm; = m,m, + mm, + mm, — m3 M, 3 

mi, = mm, — mm, + mm, + m3 mM, 3 

m, = mm, + mm, — m,m, + m;m,. 


(248) 


Under the same conditions we may say that the matiplier quaternion (or the 


= 
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left hand factor in the expression for a product) is the quotient obtained by 
dividing the product by the multiplicand; and may write the formula, 


(mi/, mi’, ms’, mz ) 


/ / / / 
Mo, Mi, M3, 3) = : 
Os ) (My Ms M,, Ms) 


(249) 


It is easy to see that if we make, for abridgment, 


wom, +m? +m, +m, | 
we = me +m? + me? + m2, (250) 
= my? m?+ msy?+ my”, | 


and regard p, py’, . as positive (or absolute) numbers, the equations (248) give 
the following very simple but important relation : 

pikes Tir (251) 
If then we give the name of modulus to the (positive or absolute) square-root 
of the sum of the squares of the four (positive or negative or null) numbers, 
which enter as constituents into the expression of a numeral quaternion, we see 
that it is allowed to say, for such quaternions (as well as for couples and their 
analogous moduli), that the modulus of the product is equal to the product of 
the moduli. The equations (248) give also, for the numerical constituents of 
the quotient (249), the expressions : 


mo = p?( mim, + mim, + msm, + m;'m,) ; 

m, = pw ?(—mi'm, + mim, — ann + m;'m,) ; | (252) 
m; = p*(—m4'm, + m;'m, + m,’m, — m3'm,) 3 ny 
ms = w*(—m,'m, — mm, + msm, + m;m,) ; | 


which may be compared with the expression (183) for the quotient that results 
from the division of one couple by another. As a verification, we may observe 
that they give, as it is not difficult to see that they ought to do, 


aid My, My ii) iGO Oa: (253) 


And these results respecting products and quotients of two numeral quaternions 
may easily be remembered, or reproduced, if we observe that we have the fol- 
lowing general expression for a numeral quaternion : 
g=(m, mM, mM, m,) = mM, + mm, + 7m, + km,; (254) = (c) 
VOL. XXI. 2. 
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where i, j, & are still those three coordinate symbols, or new fourth roots of unity, 
already introduced in this Essay, of which the squares and products are subject to 
the fundamental formula : 
elim | Wel eer eal (A) 

and to the relations which are consequences of this formula, especially the fol- 
lowing: 

yo=—jak; gh=—W=t; R= —th=y. (B) 
These equations, (4) and (8), had indeed occurred before in this paper; but on 
account of their great importance in the present theory, they have been written 
once more in this place, in connexion with the general expression (c), which 
may represent any numeral quaternion. 


On the more general System of Coefficients, obtained by a recent Investigation. 


28. If we had not adopted the particular numerical values (241), but had 
allowed the four letters a, 6, c, d, in the equations (240), to denote any four 
constant numbers, which numbers, or their symbols, should thus enter as arbi- 
trary constants into the expressions for the coefficients of multiplication, and into 
those for the connected coefficients of derivation of quaternions ; then it is not 
difficult to see that, with the same fundamental system of expressions for the 
squares and products of 7, 7, k, contained in the formula (A), the results of the 
investigation in the twenty-fourth and twenty-fifth articles might be concisely 
presented as follows : 

Me Xo + m, xi +m, Xo =: Ms X3 == 
(m+ m,i+m,7j +m,k) (a+bi +e 4+ dk). (255) 
And then the formula of symbolic multiplication of one numeral quaternion by 
another, which is included in (152), namely, 


mi Xo- mi X, + my Xo +m; X,= 
(mi Xm K+ mM, Xp Ms X53) (1M, Ko + M, XK, + M, Xo+ MsX;), (256) 


would become, with the same system of non-linear relations between the same 
three symbols 7, 7, / : 

my +m t + mij + ms k= 
(ms, + mii + mij + mk) (a+ bi +o + dk) (m,+mi-+m,j+ m,k). (257) 


id ae 
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This formula resolves itself, by those relations, and by the linear independence of 
7, J, k, and 1, into four separate equations, which may be obtained from the four 
equations (248), by changing m,, ,, m,, ™,, respectively, to 


my, = am, — bm, — em, — dm,; 


m, = am, + bm, + em, — dm,; (258) 
m; = am, — bm, + em, + dm,; 
m3; = am, + bm, — em, + dn,; 


so that, with these abridgments, the four equations included in the formula (257) 
may be thus written : 


mM, =m,mM, — M,m; — Mm, mM; — m,m3; 7 
mi = mom, + mm, + mm; — mim3; | (259) 
m,) = mm, — mim; + mm), + mi, m} ; % 
ms; =m, mM; + mm; — mm; + mim). 
In this manner we should obtain the four expressions : 
m, =aA,+b6B,+cC,+dD,; 
m =aA,+bB,+cC,+dD,; 
m;, = aA,+ 6B,+cC,+dD,; (200) 
sie m; =aA,+6B,+cC,+dD,; 
A, = mm, — mm, — mm, — M;M;;3 
A, =m m, + mm, + mm, — m,m, 3 | (261) 
A, = mm, — mim, + mm, + m,m,; 
A,=mm,-+ mm, — mm, + m,m,3 
B,= — mm, — mm, + mm, —'ms m,; 
B, = + mm, — mm, + mim, + mim, ; (262) 
B, = — mm, — mim, — m,m, + mm; | 
B,= + mm, — m,m, — m,m, — m,m,; 
C= — mm, — mm, — mm, + mim, ; 
C,= + mm, — mm, — mm, — mim, ; : 
Cy = mbm, bmi m, — mim, + mi mg ee) 
C,= — mm, + mim, — mm, — mym,; 


223.2 
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D,= — mm, + m,m, — mm, — mm, ; 
D, = — mim, — m,m, + mm, — Mm, Mm, 3 if 
1 0 2 3 2 0 3 1? (264) 


Dz, = + mm, — mm, — mm, — MyM, 3 
D,=+ mm, + mm, + m;m, — m;M,. 


And thus may the problem of the multiplication of numeral quaternions be 
resolved, without any restriction being laid on the numerical values of the four 
arbitrary constants, a, b,c, d. The modular equation (251), namely, p’’ = p’p, 
will extend to this more general system, if we define the modulus p of the qua- 
ternion (7p, ™,, m,, m.,) by the formula : 


wa(e+h+ec+ad’) (m? +m? +m, + m,). (265) 
Thus, with the recently established forms (261), ... (264), of the sixteen func- 
tions A,...D,, we must have, as an identity, independent of the values of the 


twelve numbers denoted by the symbols a 6 ¢ dm, m,m, m, mj, m, m; m;, the 
following equation : 


(aA, + 6B, +00, +4D,)’ + (a4, + 5B, +00, +4D,) 
=f (aA, ts bB, + eC, + dD.) oe (aA, “15 bBy+ eC, ac dD.) 
=(@+bh+c+d’) (me +m?e+m?+ mz?) (m?+m?+m,+m,); (266) 
and therefore, independently of the values of the eight numbers m,... 73, we 
must have these ¢ez other equations : 


(me + m? + m? + m3) (m, + m? + m,* + m,’) 
=A, + A+ 4, +4, = By + BY + BS By 
SUy se lise CS alo Sea ea ables 
0=4,2,+ 4,8, + 4,8, 4,8,; 0=4,C, + 4,0, +A, +4.C,; 


0=A,D,+4,D,+A,D,+A,D,; 0=B,C,+B,C,+B,C+B,C,3 (268) 
= B,D,+B,D,+B,D,+B,D,; 0=C,D,+CD,+- CD, + C,Dy 


(267) 


Although these identities admit of being established in a more elementary way, 
yet it has been thought worth while to point out the foregoing method of arriving 
at them, because that method follows easily from the principles of the present 
theory. 
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On the Extension of the Theory of Multiplication of Quaternions to other 
numeral Sets. 


29. This seems to be a proper place for offering a few remarks on the treat- 
ment of the general equation (214), which may assist in the future extension of 
the present theory of multiplication of quaternions to other numeral sets; and 
may serve, in the meanwhile, to throw some fresh light on the process which has 
been employed in the twenty-fourth and twenty-fifth articles, for discovering a 
mode of satisfying that general equation, in the case when the exponent 7 of the 
order of the set is 4. 

Let 2, 7, ..%,_, be a system of m symbolical multipliers, which we shall 
assume to be unconnected with each other by any /inear relation; and let us 
establish the following formula, analogous to (225), 


CH iy Dios a Pee oP aL aay (269) 


Then, operating by the characteristic 2.7, on the equation (214), we shall trans- 
form that equation into the following : 


OS) (0 Ges — Gat ee) 5 (270) 
and may satisfy it by supposing 
Ga UG ates (Io ta Geeta 3 (271) 
for we shall then have 
3 DA Ff == 0b hy SS Oey es SS Ch the Senos (22), 
We are therefore to endeavour to satisfy the symbolical condition, 
Dial adie COUSt=t = a2 (273) 


this constant g, being independent of ¢ and wu, and the 7 symbols z,, 7,, &c., being 
still unconnected by any linear relation. When this shall have been accomplished, 
we may then employ the formula, 
Mr tga (274) 
which will give 
SS CRO SCF A Se Oe (275) 


and therefore will agree with the formula (153). And thus the equations of 
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detachment will have been satisfied, and a numeral se¢, of the kind above sup- 
posed, will be found under the form, 


q = Ly. MM, Xp = Ly Me % J (276) 


For the case of couples, we may make 
i eh when / (seo qun="Is (277) 


and then the condition (273) will be satisfied by the values of the coefficients of 
multiplication assigned in the nineteenth article; and the numeral couple will 
present itself under the well-known form, m, + m,/(—1). 

For the case of guaternions, if we suppose 


temas LPO rales PSP at Tete Bk Rael 9p (278) 


the symbols 7, 7, k being still connected by the fundamental relations (a); the 
six symbolical equations (228), and the sixteen symbolical equations (239), will 
then be included, by (269), in the formula (273), in which we may write, by 
(240), and by (271), or (238), 


qo = 4 bi + oj + dk; (279) 


and the expression (255) will be included in the more general expression (276). 
And if we farther particularize, and at the same time simplify, by adopting, as we 
propose henceforth to do, the values (241), which reduce q, to 1, we shall then 
obtain from (276), by (278), the same expression (254), or (c), which has already 
been assigned in the twenty-seventh article, as the representation of a numeral 
quaternion. 


Successive Multiplication of Quaternions: Application of the associative 
Principle. 


30. It has been stated that we design to adopt, in our theory of numeral 
quaternions, the simplifications contained in the equations (241). We shall there- 
fore regard, henceforth, the constituents of any product of éwo numeral quater- 
nions as being given by the simpler formule (248), and not by the more 
complex formule (260), in which A,...D, are abridged representatives of the 
sixteen quadrinomials (261) ...(264). Yet the trouble of investigating these 
latter expressions will not have been thrown away: for we may see, by (257), 
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that they will serve, hereafter, to express the result of a successive multiplication, 
or the continued product of three numeral quaternions. And by applying the 
associative principle, already considered in the twenty-first article, to such suc- 
cessive multiplication, we see that, instead of developing the formula (257) by a 
process which was equivalent to the development of the system of the two 
equations, 
m+ mi+ m+ mk = (a + bi+c7 + dk) (m+ mi+my+m-), (280) 
and 
me mim 7j+ms k= (mommy mk) (m+ m+ mj+ mk), (281) 
we might have developed the same formula (257) by a different, but analogous 
process, founded on a different mode of grouping or associating the three qua- 
ternions which enter as symbolic factors. For we might have introduced this 
other quaternion, 
m,+m>i+tm; 7+ msk= (m+ mit + m7 + mk) (a+bi+ej+dk); (282) 
which would have given the expression, 
mo +m t+ m7 ms k= (my +m i+ mz7j + mzk) (mm +m,7j + mk); (283) 
and then the four values (260), for the four constituents of the final product of 
the three quaternion factors which enter into the second member of the formula 
(257), would have presented themselves as the result of the elimination of the 
four constituents of the intermediate quaternion product (282), between the 
eight following equations : 
ms = ma —m,b — myc —m,d; 
m> =mb + mia +md — mie; 


(284 
m, = me — md +m,a+ mb; ) 
m; = md + m,c — mb + mia; 
my =m, m, — m>m,— M>m,— M; Ms ; 
my = my m, + mm, + m;>ms;— mM;mM, 3 ; 

- (285) 


ms = MyM, — MM; + mz; mM, + Mm; mM, 3 

m; =m, m, + mm, — mm, + m;m,. 
And accordingly, on comparing these eight equations with the four expressions 
(260), we arrive at the same quadrinomial values for the sixteen coefficients 
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A,..-Ds which have been already given in the equations (261). . (264). 
We may perceive that they would conduct also to the relations (267), (268) 
between those coefficients, and to the formula (266) for the decomposition of a pro- 
duct of three sums, containing each four squares, by eliminating the modulus p* 
of the quaternion (282) between two equations analogous to (251), namely, the 
two following : : 

» She ha Paes (286) 
where p, ’, #” have the significations (250), and where 


ee =m tm tm +m, &’=e@w+h+ee+a. (287) 


Addition and Subtraction of Numeral Sets ; Non-commutative Character of 
Quaternion Multiplication. 


31. Any two numeral sets may be added to each other, by adding their 
respective constituent numbers, primary to primary, secondary to secondary, and 
soforth ; and on a similar plan may swbtraction of such sets be performed; thus, 
for any two numeral quaternions we may write, 

(mj, mi, ms, m5) = (m,, m,, M,, M;) 
= (mem, m +m, m= m, m= m;); (288) 


and generally, by using = and A as the characteristics of sum and difference, and 
employing those signs of numeral separation which were proposed in the twenty- 
first article, we may write formule for sums and differences of numeral sets, which 
are analogous to, and may be considered as depending upon those marked (116), 
for the addition and subtraction of ordinal sets; namely, the following : 


Nre2g = =N,g; N-Ag = Anzg. (289) 

For the multiplication of numeral sets, we have already established principles 
and formule which involve, generally, the distributive and the associative pro- 
perties of the operation of the same name, as performed on single numbers ; but 


which do not retain, in general, the commutative property of that ordinary ope- 
ration upon numbers. Thus we may write, 


zy’ X tg = E(q' XQ), (290) 


Uxdqa=V¢xqa=¢¢y (291) 


and also, 


ee oe ae one 
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the mark of multiplication being allowed to be omitted, because its place is un- 
important to the result, in the successive multiplication of any three or more 
numeral sets. But we are not at liberty to write, generally, for any two such 
sets, as factors, the commutative formula, 
79 = 97 

since, although, by the equation (182), this last formula of commutation of 
factors holds good, not only for single nwmbers, but also when the factors are 
numeral couples, of the kind considered in the nineteenth article of the present 
paper, and in the earlier Essay there referred to, yet, for the case of numeral 
quaternions, the relations (8) between the products of the symbols 7, 7, k, give 
results opposed to the commutative formula, namely, the following : 


j=—ji, jk=—kj, ki= —ik. 


In fact, by (149), or by (209), to justify generally this commutative formula 
of multiplication, as applied to numeral sets of the order m, it would be necessary 
that the x’ coefficients of multiplication should be connected with each other by 
the relations included in the type, 

n,, r,s = n+, 7,2)° (292) 


Now these relations have, indeed, been established in our theory of numeral 
couples, since, in the abridged notation of the nineteenth article, and with the 
values there adopted, we have the equations, 

va = & ) ihe = g'; or, Novo = Noo 3 Non = Myo 5 (293) 
but they do not hold good in our theory of numeral quaternions, since we have 
been led to adopt values for the coefficients of multiplication, which give, on the 
contrary, 

Myo3 = — Nyy i Mag, = — N35 NggQ = — Myp- (294) 


Thus, if we still adopt the system of values of the coefficients of quaternion mul- 
tiplication assigned in the twenty-third article, we must reject the commutative 
property; and may establish a formula which is opposite in its character to the 
equation (292), namely, the following : 


Me can Tg Dial ute oa etla >: (): (295) 
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General Division of one numeral Set by another: Combination of the Opera- 
tions of Division and Multiplication of Quaternions. 


32. The general division of one numeral set by another, if regarded as the 
operation of returning to the multiplier, from the product and the multiplicand, 
involves no theoretical difficulty, since it depends on the solution, by elimination 
or otherwise, of a finite system of ordinary equations of the first degree, between 
the sought numerical constituents of the quotient ; and it has been already exem- 
plified, for couples and quaternions, in the nineteenth and twenty-seventh articles. 
But it is of essential importance to observe that, if division of numeral sets be 
thus defined by the formula, 

(+9) xq=q"s (296) 
in which, as in all other cases, we conceive the symbol of the multiplier to be 
placed at the left hand, and which is analogous to (129), we shall then not 
have, generally, for numeral sets, as for numbers, this other usual equation : 


gx (q+ g=q". 
In fact, if we were to assume, for example, that this latter and usual equation, 
though true for numbers and for numeral couples, was generally true for numeral 
quaternions also, we should then, in consequence of the definitional formula 
(296), which fixes the correlation of the signs X and +, with respect to numeral 
sets, be virtually assuming, also, that equation of commutative multiplication, 
q'7 = 947; which, for the case of quaternions at least, we have already seen reason 
to reject. Hence follows the important consequence that, in this case of quater- 
nions, the first member, g x (q’’ + 7), of the lately rejected equation, is the 
symbol of a new quaternion, distinct in general from the operand quaternion, 
¢', which has been first divided and afterwards multiplied by ene common ope- 
rator quaternion, q; these two operations, thus performed, having not generally 
neutralized each other, on account of the generally noncommutative character 
of the multiplication of numeral quaternions. It is, therefore, already an object 
of interest in this theory, and will be found to be a problem of which the geome- 
trical and physical applications are in a high degree important, ¢o determine the 
constituents of that new quaternion, q,, distinct from 9’’ 
sented by the symbol ¢ x (q’+ q), or which satisfies the equation 

IX (UF )=4 (297) 


, which is thus repre- 


a 
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To express the same problem otherwise, with the help of the definition of divi- 
sion, (296), we have now the system of the two equations, 

C=79 Was (298) 
q' and q,, being those two distinct quaternion products which arise from the 
multiplication of the same two quaternion factors, g and q’, with two different 
arrangements of those factors; and we are to eliminate the four constituents of 
one of those two quaternion factors, namely, the constituents of the factor q’, 
between the eight separate and ordinary equations into which the two quaternion 
equations (298) resolve themselves. If we write, for this purpose, 


qa=w+ie + yy + kez, | 
qf aw + iv’ + jy + ke’, | 


f= w+ ba! 4 jy + kz", (299) 
V,= es 0m, Wut kz, 
we shall then have the four equations, 
w’ =uw — ae —yly — 272; | 
a, ant Z—2Y3 
a we + aw +y y | (300) 


yY =wy—az +y'w4+ 72; 
Zswe+ey —yrt+ ew; 
together with the four others which result from these by interchanging, in the 
right hand members, the accented with the unaccented letters, and by changing 
in the left hand members upper to lower accents; namely, the four following : 


w= ww! — a2) yy — 22 ; | 

Rees nee cg (301) 
Y,, = wy — 47 + yw! + 22"; | 

Zz, = we + ay’ —ya' + zu’. 


It thus appears immediately that 
iy = Was (302) 
and the elimination, above directed, of the four numbers w’, x’, y’, 2’, that is, of 
the constituents of the numeral quaternion q’, between the eight equations (300), 
(301), gives these three other equations, which complete the solution of the 
problem, so far as it depends on the above-mentioned elimination : 
2m 2 


t 
[3] 
ive) 


Sir Wini1am Rowan Hamitton’s Researches respecting Quaternions. 
wr, + zy, — Y2Z, = ue! 4+ yz" — zy"; 
wy, + z,,— 2a, = wy" + 20" — az"; (303) 
we, ty@,,— ty, = we" + cy” — yx". 


These equations conduct to the relations, 


U2), +YY,, aR ei, = rx" + yy" aE ee, (304) 
and 
Ui by te, aa? tyP +2”; (305) 


which, as it is easy to foresee, will be found to have extensive applications, and 
which may also be easily obtained, by observing that, before the elimination of 
u’, a, y’, 2’, the equations (300), (301) give 

£42" =2(wr + u'r); 2,— 2" = 2(y2 — zy’); 

Y,+y" =2(wy' +u'y)s y, —y" = er’ — #2’); (306) 

B,+-2 = Wwe +w'z); 2, — 2" = 2(ay’ — yz’). 

33. Although these latter combinations (306), of those equations (300), (301), 
conduct without difficulty to the equations (303), (304), (305), yet it is still more 
easy, when once the principles of the present theory have been distinctly com- 
prehended, to deduce the last-mentioned equations, by treating in the following 
way the problem of the foregoing article. 

Instead of resolving the numeral quaternion q/ into the four separate terms, 
w’, ix’, jy’, kz’, as is done in the second of the four expressions (299), and then 
eliminating the four constituent numbers w’, 2’, y’, 2’ between the eight ordinary 
equations into which the two quaternion equations (298) resolve themselves, we 
may eliminate the quaternion q/ itself between those two equations (298), and 
so obtain immediately, without any labour of calculation, this new quaternion 
equation, 

WT = 94 (307) 
which, by the three remaining expressions (299), and by the equality (302), 
becomes : 
(tz, + jy,, +hz,,) (wir +jy + hz) = 
(we + jy + kz) (ix + yy" + kz’). (308 ) 


If now we perform the multiplications here indicated, attending to the funda- 
mental expressions (a) (B), for the squares and products of the three symbols, 
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2, j, k, and to the linear independence, already supposed to exist, between the 
four symbols @, j, /, and 1, we find that the one quaternion formula (308) 
resolves itself into the fowr equations, (303) and (304). And either from the 
four equations thus obtained, or by an application of the law of the modulus to 
the quaternion equation (308), the relation (305) may be obtained. It is worth 
while observing that we may also write the quaternion formula, 


ey.) 
(w + ix + jy + he) (wl + ie” + jy" + kz") (w — iv — jy — kz); (309) 


or, more fully, 


(wp+rty+es) (w,—w"’ +ia7,+jy,+kz,) = 

(w? — 2 —y? — 2°) (ia + yy" + kz’) 

+ 2(00" + yy"! + 22") (tx + jy + kz) 

+ 2Qw fi(y2"— zy") + j(2n" — x2") + k(ry"— ya")}; (310) 


by resolving which one formula, the same separate values for w,, .7,,, y,,. Z,, may 


ut 


be obtained, as from the system of the fowr ordinary equations (302), (303). 


On the Operation of pre-multiplying one numeral Set by another, and on frac- 
tional Symbols for Sets. 


34. Since we have seen that we are not at liberty to assume generally, for adi 
numeral sets, that the commutative formula of multiplication holds good, we 
must (in general) distinguish between tivo modes of combination of two such sets 
with each other, as factors, in some such way as the following. We saw reason, 
in the twenty-second article, to regard an ordinal set, q, as having been generated 
by a certain symbolical multiplication, or complex derivation, from a single stan- 
dard: ordinal relation, a, as from an original operand or derivand ; the operator, 
or symbolical multiplier, having been a numeral set, g. If such an ordinal set, 
q, or g Xa, be again operated on by the new numeral set, q’, as by a new sym- 
bolical multiplier, the result will be a new ordinal set, g’ x (gq X a), which, in 
this theory, admits of being denoted also by (4 X 7) X a; and generally, in the 
same theory, the conditions of detachment entitle us to write the formula 


TXx*=F%x)x4, (311) 
whatever operand set (of the same order) may here be denoted by the symbol q’. 
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Thus, to multiply the numeral set g, as a multiplicand, by the numeral set q’, as 
a multiplier, comes to be regarded as being equivalent to the operations of mul- 
tiplying some single standard ordinal relation, a, or some ordinal set, q first by 
the given multiplicand set, g, and afterwards by the given multiplier set, q' ; 
and of then finding that third set, ¢, namely, the product q' x q, or qq, which, 
acting as a single multiplier, would produce the same final result, and would, 
therefore, serve, by its single operation, to replace this twofold process. In this 
view of the multiplication of one numeral set by another, the set proposed as a 
multiplicand is itself a previous multiplier, and may, therefore, be called a pre- 
muiltiplicator, or, more familiarly, a premultiplier. And thus, instead of saying 
that the product q’ X q, or q’q, is obtained by multiplying ¢ by gq’, we may be 
permitted occasionally to say that the same product results from premultiplying 
q’ by qs the symbol of the premultiplier being placed towards the right hand, as 
that of the multiplier is placed towards the left. 

With this phraseology, and with the definitional formula (296), which easily 
gives also this other connected formula, 

(Yxg)+q=7%, (312) 
division and premultiplication are mutually inverse operations ; that is to say, 
a numeral set, g’, remains, upon the whole, unchanged, when it is both divided 
and premultiplied, or both premultiplied and divided, by any other numeral set, 
g (of the same order). We may also agree to express the same results by sym- 
bols of fractional forms, a fraction being defined to be the quotient which is 
obtained when the numerator is divided by the denominator, so that we shall 
adopt here, as a definition, the formula 

4 Aa 

rik a (313) 
for then we may say that a fraction gives its numerator as the product, when it 
is premultiplied by its denominator; though it does not always, at least for the 
case of quaternions, produce that numerator when it is mu/tiplied by that de- 
nominator (the order of the factors being then different). In symbols, the 
equations 

0 


qe = (314) 


i oe ee 


a ees 


ae ee oy 
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are here regarded as ¢dentical ; whereas these other usual equations, 


u / 
ee = aA = 4% 

of which the first is only an abridged way of writing a formula already rejected, 

while the second is connected therewith, are not generally true (or, at least, not 

universally so) /or numeral sets ; because the order of the factors in multiplica- 

tion is, in the present theory of such sets, not generally unimportant to the 


result. We have seen, for example, in the foregoing article, that the quaternion 
which may now be denoted by the symbol piu or by this other symbol, e, or 


by qq + q, instead of being generally equal to the quaternion gy”, is equal, in 
general, to another quaternion, q,, distinct from the former, though having 
several simple relations thereto, which will be found to be connected, in their 
geometrical and physical applications, with questions respecting the transforma- 
tion of rectangular coordinates in space, and the rotation ofa solid body. It 
may, therefore, be not useless to remark expressly here, that the following usual 
equations continue true in the present theory of numeral sets, as well as in 
common algebra: 


q q Wh ‘a7 
or, in words, that a fraction is multiplied by a numeral set when its mewmerator is 


multiplied thereby ; and that the va/we of a fraction, regarded as representing a 


numeral set, remains wachanged, or represents the same set as before, when its 
numerator and its denominator are both premultiplied, or both divided, by any 
common set (of the same order); both which results depend on the associative 
property of multiplication, and on the principle that two numeral sets cannot 
generally give equal products, when operating as multipliers on one common 
multiplicand (different from zero), unless they be themselves equal sets. These 
general remarks will become more clear by their future applications; meanwhile, 
we may here agree to use occasionally, for convenience and variety, another form 
of expression, consistent with the foregoing principles, and to say that, in the 
product q’q, the left hand factor, q’, is multiplied ixfo the right hand factor, g, 
as the latter has been said to be multiplied by the former, and as that former 
factor again has been said to be premultiplied by the latter. 
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On the Operations of submultiplying, and of taking the Reciprocal of a numeral 
Set. 

35. As it has been found necessary to distinguish, in general, between two 
modes of multiplication of one numeral set by another, with different arrange- 
ments of the factors, so is it also necessary in this theory to distinguish generally 
between ¢wo inverse operations, namely, between the operation of division, and 
another closely connected operation, which may be called sab-multiplication. 
Vor if this last-named operation be now defined to be the returning to the multi- 
plicand, when the product and the multiplier are given, it will then be evidently 
distinct, in general, or, at least, for the case of quaternions, from the operation 
of division, which has been already defined to be the returning to the multiplier, 
when the multiplicand and product are given; because these two factors, the 
multiplier and the multiplicand, when regarded as numeral sets (at least if those 
sets be quaternions ), cannot generally change places with each other, without alter- 
ing the value of the product. To denote conveniently this new operation of szb- 
multiplication, or of returning from the set q’¢ to the set g, when the set ¢’ is 
given, we shall now introduce the conception of a reciprocal set, which may 
be denoted by any one of the three symbols, 

1 5 
Lal Weg eae (316) 
and of which the characteristic property is, that it satisfies generally the two reci- 
procal conditions, 
q'xm=a 9X¢'qd=4q, (317) 
of which the second follows from the first, and which may be more concisely 
written thus: 
a 9a (318) 
Thus, whether a numeral set g be multiplied or premultiplied by its reciprocal 
set q', the product in each case is unity; and when these two reciprocal sets 
are employed to operate, as successive multipliers, on any ordinal or numeral set 
as a multiplicand, they neutralize the effects of each other. It follows hence, 
that to submultiply by any numeral set is equivalent to multiplying by the reci- 


procal of that set ; so that we may write generally, for such sets, the formula of 


submultiplication (as in ordinary algebra) thus : 
1 


Fi V9V=T 99 =4 (319) 


er ge 


soda 
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It is evident from what has been said, that the reciprocal of the reciprocal of a 
numeral set is equal to that set etse/f; and that to divide by such a set is to pre- 
multiply by (or to multiply into) its reciprocal ; thus, generally, 


/ 1 / - / « 
LA Re a ear MSH (320) 
The reciprocal of a quaternion is given by the formula, 
(wi +yy +kz)t = (we +y +2)" (w—ir—jy—hkz). (321) 
In general, the reciprocal of the product of any number of sets is equal to the 
product of the reciprocals of those sets, arranged in the contrary order: thus we 


may write, 
(658929190) =o MN Io ess (322) 


On Powers of a Numeral Set, with whole or fractional Exponents; Square and 
Square Root of a Quaternion ; Indeterminate Expressions, by Quaternions, 
for the Square Roots of Negative Numbers. 


36. The symbol q~', for the reciprocal of a numeral set, is only one of a 
system of symbols of the same sort, which may easily be formed by an adaptation 
of received algebraic notation. For with the notions given already, respecting 
multiplication and division of sets, there is no difficulty in interpreting now, in 
an extended sense, adapted to the present theory, the following usual system of 
equations, 

T=1L 9 =H F=IXF, F=ITXF:-. 


Tee eel 1 (323) 
a eS ne 
q q q q LT ie q q 
and then the well-known equation of the exponential law, 
EXO Mig =O (324) 


will hold good, as in ordinary algebra, the exponents r and s being here supposed 
to denote any two positive or negative whole numbers, or zero. 

These two other usual equations, 

qGyY=e, ()=4, (325) 

will then also hold good for numeral sets, at least when r, s, ¢, and ‘, denote 
whole numbers ; and the latter. of these two formule may be employed as a 
definition to interpret the symbol q:, when the exponent is a numerical fraction ; 

VOL. XXI. 2N 


264 Sir Wimuiam Rowan Hamitton’s Researches respecting Quaternions. 


thus, g' will denote that numeral set, or any one of those numeral sets, which 
satisfy, or are roots of, the equation, 

Vy=e=e (326) 
For example, it results from what has been already shown, that if g denote the 
first numeral quaternion (2959), then its symbolic square, or second power, is 
another quaternion, ¢,, given by the formula 


=F =(w+ix + Jy + kz)? = w, + 12, + IY> + hz2, (327) 


2 


— a2 a2 2 m2 e 
wv, =u —xr—y— 2; 


where ; 

Li 2WE3) Ya — 2WY ie eee j ney 
And hence, conversely, the symbolic sguare root of the quaternion q,, or its 
power with the exponent $, is to be regarded as being equivalent to this other 
numeral quaternion, 

q = 4e = (w, + tx, + jy. + kz,)* = w + te + jy + kz; (329) 
where the constituents, w, x, y, z, are any four numbers (positive, negative, or 
zero), which satisfy the system of the four equations (328). Those equations 
give the relation 

w+ 4y+y +2 =W+ew’tyt a), (330) 
which is included in the more general result (251), respecting the multiplica- 
tion of any two quaternions ; therefore, conversely, 


wp at hyp t= VM (we fame + yet +23); (331) 
and, consequently, by the first of the four equations (328), 
2w = w,4+V(wP+ae+ ye + z,), (332) 


where the radical in the second member of (331) is to be considered as a positive 
number: and, therefore, the first constituent, w, of the sought quaternion g, or 
of the square root of the given quaternion g,, is itself given, generally, by (332), 
as either the positive or the negative square root of another given positive num- 
ber. And after choosing either of these two values (the positive or the nega- 
tive) for w, the other three constituents, x, y, 2, of the sought quaternion q, 
become, in general, entirely determined by the three last equations (328). 


There are, therefore, i general, two, and only two, different square roots of 


any proposed numeral quaternion ; and they differ only in their signs. But there 


a 
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is one very important CASE OF INDETERMINATENESS, in which an 7finite variety 
of roots takes the place of that finite ambiguity, which has thus been seen to 
exist generally in the expression for the square root of a quaternion, namely, 
the case where the proposed square is equal to a negative number, presented 
under the form of a quaternion, of which the first constituent is negative, while 


the three last separately vanish. For, if we suppose the data to be such that 
i= — G77, 5 =0,- 45= 0, 25 = 0, (333 ) 


r being some positive or negative number, then the positive radical in (331) 


becomes 
V(we+ ae + ye +27) =r=— wy (334) 
and the equation (332) reduces itself to the following : 
uw 0: (335) 


And while the three last of the four equations (328) are then satisfied, indepen- 
dently of the three remaining constituents, x, y, 2, the first of those four equa- 
tions gives this ove relation, between those three constituents of the sought qua- 
ternion q, 
eY+y+2=r, (336) 

which is the only condition that they must satisfy. And since we may satisfy 
this condition by assuming 

SSN es 

War Vilitiate Pe Gn enables (337) 

h=V(P+m'+n’), 


without any restriction being imposed on the three (positive, or negative, or null) 
numbers, /, m, ”, we see that, in our theory of quaternions, the sguare root of a 
negative number is a partially indeterminate quaternion, belonging, however, 
to a certain peculiar c/ass, and admitting of being thus denoted : 


re (a +- ym + kn)r 

( ™) a: JV (P+ m+ n*) (338) 

In fact, if we square the second member of this last formula, attending to the 

fundamental expressions, (A), (B), for the squares and products of the three 

symbols, 7, 7, &, we find, as the result of this operation, the negative number 
2Nn2 
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—r*, which is the square of the first member; for those fundamental expres- 
sions give, generally, this very simple and remarkable equation, 


(ie + yy + kz =— (2° + y* +2’). (339) = (v) 


For example, in this theory, the square root of — 1 itself is represented by a 
partially indeterminate symbol of the foregoing class, and we may write 


(-Ii= S442 nes where 7? = a®° + 7? + 2”. (340) 


That is to say, whatever three positive, or negative, or null numbers may be 
denoted by x, y, z, provided that they do not all together vanish, we are allowed 
in this theory to establish the following general expression for any one of the 
infinitely many square roots of negative unity : 

(ae Fiat antes ; (341) = (e) 

ory +2) 

Or, with the recent meaning of 7, and with a notation which more immediately 
suggests the conception of a numeral set, we may establish the formula, 


(— 1, 0, 0, 0)'= (0, -, Z =), (342) 


Cubes and Cube Roots of Quaternions ; partially indeterminate Expressions 
by Quaternions for Cube Roots of positive and negative Numbers. 


37. With the same condition or abridgment, (336), we may write generally, 
for any numeral quaternion, this expression 


g=w+(-1)r; (343) 
or still more briefly and, at the same time, more determinately, 
g=w-+u, where °= — 1, (344) 


and where « may be conceived to be in general determined when q is determined, 
since 


i, I 
Stee, r=V(’+y4+). (345) 


The cube of this expression (344) for q is 
g=w — sur +.(38w — 7 )r; (346) 


— a. 
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and this ewbe, or third power of a quaternion, may be equated to a new quater- 
nion, denoted as follows : 


=P =U, t iv, + jy, + kz, = 0,4 ors (347) 
fs ae-pye es, Ss (348 ) 


where 


provided that we satisfy the two conditions, 
w, = w* — 3ur’, u7r,= r(3u —7’), (349 ) 


of which the second again resolves itself into three others, on account of the 
mutual linear independence of the three symbols, 7,7, &. These last equations 


give 
3 Is — 3 — gy _ (350) 
a eae 

and, therefore, it is allowed to write 
habs fy 1(3w* — 7) 5 (351) 


provided that, if we still choose to consider the radical 7 as positive, we regard 
the other radical, 7,, as varying its sign, according to the law 


r, 2 0, according as 31? 2 r°. (352) 


If, now, it be required to find conversely the cube root q, or the power with 
exponent + of a given quaternion, ¢,, we shall have, first, the two equations 


of which the second may be written more concisely thus : 


3¢ —fP = (1 — 3? )t, ifr ste, 17, = t,0,; (354) 

so that 
ty =w, *(@; +43 + 2;')- (355) 
The value of this positive number, ¢,’, is known, because the four constituents of 
the quaternion g, are now supposed to be given; hence, three different positive 
values for ¢ can, in general, be deduced from the square of the first equation 
(354), which is a well-known cubic; for each such value of ¢*, the sign of ¢,, 
and therefore, also (by the same cubic equation), the sign of ¢ may be deter- 
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mined by the condition that 7, or ¢,w, is, by (352), to receive the same sign as 
3 —f; but 7 is supposed positive, therefore w has the same sign as ¢; and 

wi+f)=wil +t) (356) 
so that the constituent w is entirely determined: therefore, 7 (being = tw) is 
known, and then the three remaining constituents, , y, z, of the sought quater- 
nion, g, are given by (350). Thus, the sought cube root, g, of the proposed 
numeral quaternion q,, is, in general, determined; or, at least, is restricted to a 
finite and ¢riple variety, answering to the three (real, numerical, and) wnequal 
roots of the known cubic equation (354) ; which roots can always be found by 
the help of a table of trigonometric tangents. We see, then, by the foregoing 
process, which will soon be replaced by one more simple and more powerful, that 
there are, in general, three, and only three, distinct cube roots of any proposed 
numeral quaternion. But when it is required to find, on the same plan, under 
the form of a quaternion, the cube root of a positive or negative number, w,,, 
regarded as an abridged expression for the quaternion (7,, 0, 0, 0), then 2,, 4 
z, and r,, all vanish; and while the ratios of z, y, z remain entirely arbitrary, 
the numbers w and r are to be determined so as to satisfy the two equations, 


Ws == 1 — Sur Ol 7.) (357) 
which require that we should suppose either 
P= Ose S78 (358) 
or else, 
r=3u, w= — tw, (359) 


For example, if we seek the quaternion cube roots of positive unity, regarded as 
equivalent to the quaternion (1, 0, 0, 0), we find not only unity itself, under the 
form of the same quaternion, but also this other, and partially indeterminate 
expression, 

1 10h, 0,10 ON ——i(— 2, a, ace) = (360) 
where the three positive or negative numbers, «x, 7, z, are only obliged to satisfy 
the condition 

4 Ppt? 2 (361) 
And, in like manner, besides negative unity itself, there are infinitely many qua- 
ternion cube roots of negative unity, included in the expression 


(—1)'= (—1, 0, 0, 0)'= (+42, y 2), (362) 


ee 
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under the same condition (361) respecting the sum of the squares of the consti- 
tuents, x,y, z- The values of this last expression (362), as well as the values of 
the expression (360), are, therefore, included among those quaternions which 
are (in this theory) siath roots of unity, or are among the values of the symbol 1’. 
As one other example, it may be remarked that, by the rule (859), the number 
negative eight has, for one of its cube roots, the quaternion of which each of 
the four constituents is equal to positive unity; thus, one value of the symbol 


(—8, 0, 0, 0), is (1, 1, 1, 1); (363) 
and, accordingly, we shall find that 
(Ltitj+ey=—s, (364) 


if we develope the first member of this last equation, employing the distributive 
property of multiplication, but mot the commutative property, and reducing by 
the values of the symbolic squares and products of 7, 7, , which have been already 
assigned. It may be noted here that, in the more general problem of finding the 
cube root, g, of a quaternion, g,, of which the three last constituents, 2,, y., Z,, 
do not all vanish, so that r, is different from 0, we might have eliminated r* 
between the first equation (349) and the first equation (853), and so have 
obtained an ordinary cubic equation in 7, which, as well as the equation in ¢, can 
be resolved by the trigonometrical tables, namely, the cubic : 


dw? — 3w(w, +77) = wv, (365) 


Connexion of Quaternions with Couples, and with Quadratic Equations. 


38. In general, if a numeral quaternion g be required to satisfy any ordinary 
numerical equation (with real coefficients) of the form 


O=a,+ag+ a7 + ag + ke, (366) 
we may first substitute for q the expression (344), namely, w + u, where 
¢ = —1. Then, after finding any one of those systems of values of the two (real) 


numbers w and 7, which satisfy the system of the two equations, obtained by the 
foregoing substitution, and by equating separately to zero the sums of the terms 
containing respectively the even and odd powers of 4, namely, the equations 
0 =a, + aw +a,(u’—r’) + a,(w’—dur’) + &e., ] (367) 
~ v 
(= ar +a,2wr) + a,(3wr—r’) +&e.; | 
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we shall only have to change , in the expression for g, to 7r + jy -+ kz, and to 
suppose, as before, that 2° y* +2 =r’. But the process by which the two 
numbers w and r are thus supposed to be discovered, is precisely the process by 
which a numeral couple (w, 7), of the kind considered in the nineteenth article 
of this paper, and in the earlier Essay there referred to, would be determined, so 
as to satisfy the couple-equation, 
0=a,+a,(uv,7r) +a, (wr) + Ke. (368) 
The calculations required for finding a couple (w,r) which shall satisfy tsis 
equation (368), are therefore the same as those required for finding a quater on 
(w, x,y, 2), which shall satisfy the equation 
0= a, +4, (w, 2,4, 2) +a, (w, ay, 2)? + &e. ; (369) 
provided that we suppose the constituents of these two numeral sets to be con- 
nected with each other by the relation already assigned, namely, 
P+ytef=r. (336) 
Thus, in particular, if it be proposed to satisfy, by a quaternion g, the quadratic 


equation, 
O=a,+49749, (370) 
which we may put under the form 
g — 2aqg+b=0, (371) 
we may first change g to the couple (w,7), and so obtain the éwo separate equa- 
tions, 
w? —r—2au+b=0; 2wr—2ar=0; (372) 
of which the latter requires us to suppose, either, 
Sty 77 Os ory2nd,.70— a. (373) 


The first alternative conducts to a quadratic equation in w, namely, 

w? — 2aw +b=0, (374) 
which is precisely the proposed equation (371), with the symbol g of the sought 
quaternion changed to the symbol w of a sought number; and reciprocally if 
it be possible to find a real number w, or rather (in general) two such numbers, 
which shall satisfy the quadratic (374), that is to say, if (the equation have real 


roots, or if ) the condition 
a S10 0nd —10|=167, (375) 
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be satisfied, where c is a positive or negative number, then the equation (371) 
will be satisfied by either of the two quaternions which are included in the 
following expression, and by no other quaternion, 


q= (wu, 0,70; 0) = (a= (a —5); 0; 00). (376) 

The same expression holds good, giving one solution of the equation (371), for 
the case a = 6. But in the remaining case, where 

Ci<e0 a 06a (oii) 


c being still a positive or negative number, we are to adopt the remaining alterna- 

tive (373), namely, w =a; and instead of supposing r = 0, we are now, by the 
first equation (372), and by (377), to suppose 

7S = Pp oe) 0 Se (378) 

and the solution of the quadratic equation (371) is now expressed by the par- 

tially indeterminate quaternion, connected with the two couple-solutions (a,c), 

q = (a, 2, y, 2), where 2? + 7?-++ 2? = 5b — a’. (379) 

And thus we may perceive that, if we denote by » the modulus of the first 

numeral quaternion (299), which may represent any such quaternion, then this 

quaternion, q, is a root of a quadratic equation, with real coefficients, namely, 


the following : 
‘ q —2uq+p=0. (380) 


Exponential and Imponential of a numeral Set; general Expression for a 
Power, when both the Base and the Exponent are such Sets. 


39. The investigations, in some recent articles, respecting certain powers and 
roots of a quaternion, may be made at once more simple and more general by the 
‘ introduction of a well-known exponential series. We shall, therefore, write 


n a M3 i 
pgy=14+t4+4 ro3 t ke (381) 


and shall call this series the exponential function, or simply, the exponential of 
the numeral set q, with respect to which the operations are performed ; we shall 
also denote this exponential still more concisely by writing simply pg instead of 
P(g), where no confusion seems likely to arise from this abbreviation. The 
inverse function, which may be conceived to express reciprocally g, by means of 
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pg, may be called by contrast the amponential function, and denoted by the cha- 
racteristic P~'; thus, we shall suppose p~'g to be such that 


Pye (382) 
or that, more fully, 
q=1+rP'q+s(e 9g) +3? 9) + &e. (383) 
Then, because the function P is such that 
py X Pg =P(y +9) fgg = 47 (384) 


and because, by the associative principle of multiplication, any two whole powers 
of the same numeral set, q, are commutative as factors, that is to say, may 
change their places with each other, without altering the value of the product ; 
we shall have, generally, 


Pf'(9) X PF (9) = PPD) +F(9))> (385) 


because we shall have 

SD) XP) =LD XP (4) (386) 
if the symbols f(q) and /’(q) denote here any combinations of whole powers of 
one common numeral set, g, and of any given numerical coefficients. For exam- 
ple, if a denote a number, we shall have 


pa X Pq = P(a+q). (387) 
We may also deduce, from the formula (385), this other important corollary, 


which is general for numeral sets, and in which the symbol p.sq represents the 


same function as p(sq), while s may, at first, be supposed to denote a whole 
number : 


(Pq)* = P(sq) = P.sq- (388) 
We have, therefore, for any two whole numbers, s and t, the relation 
(p.sq)' = (v.tq)’; (889) 


and, therefore, as an equation of which the second member is, at least, one of the 
values of the first, we have 

(P.sq — Pilg. (390) 
We are thus led to write, as an equation of the same sort, giving an expression 


for, at least, one value of any fractional power of a set, whenever the imponen- 
tial of that set can be discovered, 


y= p({ P19). (391) 
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The simplicity of this equation may now induce us to extend it, as we propose to 
do, by definition, to the cases where the exponent of the power, instead of being 
a numerical fraction, is an incommensurable number, or even a numeral set. We 
shall, therefore, write generally 

qg” = P(g Pg); (392) 
and thus we shall have a general expression for any power of a numeral set, 
through the help of the characteristics of the exponential and imponential thereof. 


Application to Quaternions ; Amplitude and Vector Unit ; Coordinates, 
Radius, and Representative Point. 


40. On applying these general principles to the case of a quaternion, we have 
first, by (387), 
pg = P(w + ia + jy + kz) = pw.r(ia + jy + kz); (393) 
and then, if we use the notations (345), and attend to the connexion already 
established between quaternions and couples, we find that 
P(ix +yy + kz) = P(r) = cosr +esmr; C= —1; (394) 
where cosr and sin7 denote, as usual, the cosine and sine of 7, so that, in the 
theory of couples, the following equation holds good : 
p(0, r) = (cos7, sinr). (395) 
(Compare the earlier Essay, where the functional sign F was used instead of p). 
Thus the exponential of a quaternion q is expressed generally, with these nota- 
tions, by the formula, 
Pq = Pw.(cosr + csinr). (396) 
Reciprocally the imponential p™ q’, of any other quaternion, gq’, is to be found by 
comparing this formula (396) with the expression of that quaternion g’, when put 
under the form, 


gr=w+lr=p (cof +csin€@), (397) 
where 
w= (w?+r”’), tan = — (398) 
We find, in this manner, that we may suppose 
g=Pg garg, (399) 


Zone 
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provided that we make 

Po = pins 04 F aulay cw Ses (400) 
where 7’ is any whole number, and 7 is, as usual, the least positive root of the 
numerical equation, 

a sing = 0. 

Hence, the sought émponential of the quaternion ¢/ is 

Pld =p tp +0 (0 + 2n'z) ;5x (401) 
and, in like manner, by suppressing the accents, the imponential of q is found 
to be 

epl¢g=Plu+i(0 + 2nz), (402) 

where @ may be said to be the AMPLITUDE, and p is what we have already called the 
MODULUs of q. 

41. We may also say that cis the imaginary unit, or perhaps, more expressively, 
that it is the vecror uNIT, of the same quaternion g. For in the applications of this 
theory to geometrical questions, this imaginary or vector unit « may be regarded 
as having in general a given direction in space when q is a given quaternion ; 
and if we denote its direction cosines by a, B, y, so that 

ve < a 2 2 9 
a=-, Jove Y=> e+pP+ty=l, (403) 


we may write, generally, by (345), 


cai+jpp8+hy, ?=—1. (404) 
This power of representing ani DIRECTION IN TRIDIMENSIONAL SPACE, by one 
of the quaternion forms of /( —1), is one of the chief peculiarities of the pre- 
sent theory; and will be found to be one of the chief causes of its power, when 
employed as an instrument in researches of a geometrical kind. If a, p, y be con- 
ceived to be the three rectangular coordinates of a point R upon a spheric surface, 
with radius unity, described about the origin of coordinates as centre, we may 
also write, more concisely and, at the same time, not less expressively, 


iSa5 ie — (405) 
A numeral quaternion g may therefore, in general, be thus expressed : 
q = “(cos 6+7,sin 0) ; (406) 


where 


paV( Heb y +2) siete hy=Vv(-1). (407) 


- 
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Its imponential, by (402), will then take the form 

Pp '¢=logp+i,(0 +2nz), (408) 
n denoting here any positive or negative whole number, or zero; and log 
denoting the (real and) natural or Napierian logarithm of the positive (or abso- 
lute) number «; or in other words, that determined (real) number, whether 

positive or negative or null, which satisfies the equation 
= P(log,). (409) 
42. Substituting this expression (408) for the imponential of a quaternion in 
the general expression (392) fora power of a set, we find, for a power of a quater- 
nion q, with another quaternion q’ as the exponent of that power, the expression, 
gy =Pri{7 lgu+7i,(6 + 2nz)t; (410) 
which, however, it is not generally allowed to resolve into the two factors, 
p(q’ log w) and p{q’t,(@ + 2n7)}, because q’ and q’7, are not, in general, condi- 
rectional quaternions ; if this latter name be given to quaternions which have 
vector units equal or opposite, so that in each case they are commutative with 
each other, as factors in multiplication. But if we change the exponent q’, in 

t 


(410), to any numerical fraction, ‘, where s and ¢ denote whole numbers, then 


this resolution into factors is allowed, and the formula becomes 


t 


: t t. 
= P} log + i,(0 + 2nn)f 


t (10 | 2ina 

= P(-l - P5Z2%( — + — 
(<log #4) iG + —\ 

; .. \ (40 , ina 
= “(cos + 2, sin) & + a) 2 (411) 
and thus it will be found that the chief results of the thirty-sixth and thirty- 
seventh articles, respecting certain powers and roots of a quaternion, are repro- 
duced under a simpler and more general aspect ; for instance, the square root of 

a quaternion is now given under the form 


q' = pw (cos +7, sin) G+ nn) SSGe in (cos 5 + 2, sin a) (412) 


But in the particular case where the original quaternion, q, reduces itself to a 
negative number, ¢ = w= — », so that its amplitude, @, is some odd multiple 
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of x, while the direction of its vector unit is indeterminate or unknown, the for- 
mula (412) for a square root becomes simply 

(— r= Ph te 5 (413) 
the position of the point rR upon the wnt sphere being now likewise indeterminate 
or unknown, which agrees with our former results respecting the indeterminate 
quaternion forms for the square roots of negative numbers. In like manner, the 
quaternions, distinct from unity itself, which are cube roots of wnity, are now 
included in the expression 


1 = cos “2 + i, sin “2; (414) 


where the direction of 7, remaims entirely undetermined. But, in general, the 
e . . . . . . 
power, q», of a quaternion, q, admits of s, and only s, distinct quaternion values, 


2 t : ; Pe ta: 
if the exponent, ra be an arithmetical fraction in its lowest terms, so that the 


numerator and the denominator of this fractional exponent are whole numbers 
prime to each other; and if the proposed quaternion g do not reduce itself to a 
number w, by the three last constituents, 2, 7, 2, all separately vanishing in its 
expression. As an example of the operation of raising a quaternion to a 
power of which the exponent is distinct from all positive and negative numbers, 
and from zero, we may remark that the formula (410) gives, generally, for the 


powers of an imaginary unit, such as 7, (for which we have » = 1, @= 3) the 


expression 
ee ee v}qi,(5 +2nn)} 2 (415) 


making then, in particular, 7, = 72, and g’ = 4, we find, by (8), 


=v} hi(5 + 2nn)t =r}i(§+2nn)t = (4) ai: (416) 


and by a similar process we find, more generally, 


i.” = (417) 
whenever 7,, and 7, denote two rectangular imaginary units, so that the points 
r and r’, which mark their directions, are distant from each other by a quadrant 
on the sphere. We may here introduce a few slight additions to the nomencla- 
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ture already established in this paper, and may say that, in the general expression 
ga=wt+iatyy + kz, the three coefficients, x, y, z, which multiply respectively 
the three coordinate characteristics, 7, j, k, are the three coorDINATES of the qua- 
ternion, and that the square root 7 of the sum of their squares is the Rapius 
of the same quaternion. We shall also say that the point r, on the surface of 
the unit sphere, which constructs or represents the direction of the vector unit in 
its expression, is at once the REPRESENTATIVE POINT of that vector unit, 7, and 
also (in a similar sense) the representative point of the quaternion q itself. 


On the general Logarithms of a Set, and especially on those of a Quaternion. 


43. Though we cannot enter here at any length into the theory of dogarithms 
of sets, yet it is obvious that if we make 


y=) (418) 
the general expression (392) for a power of a set gives this inverse expression for 
the exponent q’ : 


Sof =F = —-3 (419) 


in which expression, however, for a logarithm ofa set, under the form of a frac- 
tion, the numerator and the denominator are to be regarded as separately subject 
to that indeterminateness, whatever it may be, which arises in the return from 
the exponential of a set to the set itself, or in the passage from a set g to its impo- 
nential p~'g. ‘Thus in the case of quaternions, the general logarithm of the 
quaternion q’’, to the base q, may, by (419) and (408), be written thus : 
pene ae + te (e” a aa) (4 
og uw +2, (0 + 2n7) 
It involves, therefore, ¢vo arbitrary and independent whole numbers, n' and n, 
in its expression, as happens in the theories of John T. Graves, Esq., Professor 
Ohm, and others, respecting the general logarithms of ordinary imaginary quantities 


20) 


to ordinary imaginary bases; and also in that theory of the general logarithms of 
numeral couples, with other numeral couples for their bases, which was published 
by the present author (as part of the Essay already several times cited, on Conju- 
gate Functions and Algebraic Couples, and on Algebra as the Science of Pure 
Time), in the seventeenth volume of the Transactions of this Academy. 


278 Sir Wi11am Rowan Hamitton’s Researches respecting Quaternions. 


Connexion of Quaternions with Spherical Geometry. 


44. Let pr, Rk’, R’,..R"~" be any points upon the surface of the unit 
sphere, so that they may be generally regarded as the corners of a spherical 
polygon upon that surface ; and let them be regarded also as the determining or 
representative points (in the sense of the forty-second article) of the same num- 
ber of vector units, 7, 7,,&c. Then the associative property of multiplication 
will give, on the one hand, the equation 

MWe Dag tems WanlOgnn socio Caos nie == (id) (421) 
because 
QS BS, =.= — 15 (422) 
and, on the other hand, on substituting the expressions for these vector units, 
involving their respective direction-cosines and the three fundamental units, 
i, j, k, which expressions are of the forms 
i, =ta+7B+hy, ty aia +98 + ky's.. (423) 
we shall have, for the product of the two first, by the fundamental relations (8), 
the expression 
ig ty = (ia + j8 + hey) (ia! +56! + hy’) 
= — (aa! + 68’ +77) + (By — vB’) Hire’ — ary’) + B(ap!— Ba’), (424) 
that is, 

Lig Igy = — COSRR’ +2,, SiN RR, (425) 
if rk’ denote the arc of rotation in a great circle, round a positive pole Pp”, from 
the point r to the point R’ upon the sphere, with other similar transformations for 
the other binary products. By combining these two principles, (421), (425), 
it is not difficult to see that, for any spherical polygon, regarded as having its 
corners R, R’,..at the positive poles of the sides of another polygon, the following 
formula holds good : 


(cosr + 7,sinR)(cosR’ +2,sink’).. (cosn™~) + 2,60- sink”) =(—1)"; (426) 


in which the symbols r, r’,.. under the characteristics cos and sin, denote the 
(suitably measured) successive angles at the corners R, Rr’. . . In particular, for the 
1if/ 


case of a spherical triangle, rx’r’, the formula (426) gives this less general for- 
mula, which, however, may be considered as including spherical trigonometry : 


(cos rk +7,sin R) (cos R’ +7,sin R’) (cos R” + i,sinR”)=—1. | (427) 
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45. Multiplying both members of this formula (427) into cos xr” — ¢,,sin Rr”, 
we put it under the less symmetric but sometimes more convenient form, 


(cos R + 7, sin R) (cos R’ +7%,,sin R’) = —cosr” +7%,,sinr”. (428) 


Developing the first member of this last equation, and substituting, for the product 
of the two vector units, its value (425), we find that it resolves itself into the 


two following formule : 
cosR cos k’ — cos RR’ sin R sin R’ = — cos Rr” ; (429) 
7, iN R cos R’ + 2,,sinR’ cosR + 7, sin R sin R’ sin RR’ = 2,,sinR”. (430) 


Of these two equations, the first agrees with the known expression for the cosine 
of a side rr’ of a spherical triangle rr’r”’, regarded as a function of the three 
angles R, R’, RX”; and the second expresses a theorem, which can easily be verified 
by known methods, namely, that if a force = sin x” be directed from the centre 
of the sphere to the point Rr”, that is, to one corner of any such spherical triangle 
rrr”, this force is statically equivalent to the system of three other forces, one 
directed to R, and equal to sink cos R’; another directed to r’, and equal to sin r’ 
cos Rk; and the third equal to sinr sink’ sinrr’, and directed towards that pole 
P” of the arc rr’, which lies at the same side of this arc as does the corner r”. 

46. In this, or in other ways, we may be led to establish, as a consequence 
from the principles which have been already stated, the following general formula 
for the multiplication of any two numeral quaternions : 


qXq7 = p(cosk +7%,sinR) X p’ (cosr’ + 7,sinr’) 
= pp! {cos (w—R”) + 2,, sin (w7—R”)} ; (431) 


and to interpret it as being equivalent to the system of the three following rules 
or theorems. First, that (as was seen in the twenty-seventh article), the modulus 
uw” of the product is equal to the product py’ of the moduli of the factors. 
Second, that if a spherical triangle rx’ Rr” be constructed with the representative 
points of the factors and product for its three corners, the angles of this triangle 
will be respectively equal to the amplitudes of the two factors, and to the supple- 
ment of the amplitude of the product ; the amplitude r of the multiplier quaternion 
q, for example, being equal to the spherical angle at the corner r of the triangle 
just described. And third, that the rotation round the product point, x”, from 
VOL. XXI. 2P 
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the multiplier point, which is here denoted by R, ¢o the multiplicand point, denoted 
here by r’, is positive ; or, in other words, this rotation is in the same direction 
(towards the right hand, or towards the left), as the rotation round the positive 
semiaxis of z or of k(= 7), from that of x or of 2, to that of y or of y. The 
same third rule may also be expressed by saying that the rotation of a great semi- 
circle rownd the multiplier point r, from the multiplicand point r’, towards the 
product point x”, is positive; whereas the rotation to the same product point, 
from the multiplier point, rownd the multiplicand point, is, on the contrary, 
negative. (Compare the remarks in Note A, printed at the end of the present 
series. ) 

47. The associative character of multiplication shows that if we assume any 
three quaternions q, 7’, g’’, and derive two others ¢,, 7,, from them, by the equations 


W=% TT =U (432) 
we shall have also the equations 


99" = 99, = 9" (433) 
q’ being a third derived quaternion, namely, the ternary product gq q. Let 
‘’ be the six representative points of these six quaternions, on the 
same spheric surface as before; then, by the general construction of a product 
assigned in the foregoing article, we shall have the following expressions for the 
six amplitudes of the same six quaternions : 


/ ur 
Ut TN TBAB 


ea) = my sey) tare fo 
Sy By, Se pRl ss Si Be =7— RRR; , 
hs ! Le, s ONT Be / ye 

= 2, 2 i BURRS) WO RL, Bn Ss = RP (434) 


eo’ = R,, rR” r= mil! mY mp g/— a—R RR —7r—R Re! z, ; 


x’ RR, being the spherical angle at k, measured from rr’ to RR, and similarly in 
other cases. But these equations between the spherical angles of the figure are 
precisely those which are requisite, in order that the two points r, and r,, should 
be the two foci of a spherical conic inscribed in the spherical quadrilateral 
rR’ RR”, or touched by the four great circles of which the arcs rR’, Rk’ R"; 
r’ Rr’, RR, are parts; this geometrical relation between the six representative 
points RR’ R”R,R,R” of the six quaternions 4, 9’, 9”, 99', 7, 997'9", which 
may conveniently be thus denoted, 

BB in) REBAR, (435) 
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is, therefore, a consequence, and may be considered as an interpretation of the 
very simple algebraical formula for associating three quaternion factors, 
qq 9 =49-99" 

It follows, at the same time, from the theory of cones and conics, that the two 
straight lines, or radu vectores, which are drawn from the origin of coordinates 
to the points R, R,, and which construct the imaginary parts of the two binary 
quaternion annie qq, ¢q', are the two focal lines of a cone of the second 
degree, inscribed in the tetrahedral angle, which has for four conterminous 
edges the four radii which construct the imaginary parts of the three quater- 
nion factors q, 7, q'', and of their continued or ternary product qq‘q" 

48. We have also, by the same associative character of multiplication, an 
analogous formula for the product of any fowr quaternion factors, q, 7’, qq”, 
namely, 


q ‘ gf gf ie = qq’. q f= — q¢ 0." = qs (436) 
if we denote this continued product by q’”; and if we make 
P= FTC HH TT HU, YC HTC e' =4" (437) 


and observe that eee E and F are foci of a spherical conic inscribed in a 
spherical quadrilateral ancp, so that, in the notation recently proposed, 
EF (..) ABCD, (438) 
then also we may write 
FE(..) ABCD, and EF(..) BCDA, (439) 
we shall find, without difficulty, by the help of the formula (435), the five fol- 
lowing geometrical relations, in which each rR is the representative point of the ~ 
corresponding quaternion q : 


een (ai Re es 

Hae) a Bann: 

RR! (..) r/R” RR; (440) 
’ a (ae yar nk R nes 

By Ry ie 3)sRo Re Ra Be 


These five formule establish a remarkable connexion between one spherical 
pentagon and another (when constructed according to the foregoing rules), 
through the medium of five spherical conics ; of which five conics each touches 
two sides of one pentagon, and has its foci at two corners of the other. If we 

2Pp2 
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suppose, for simplicity, that each of the ten moduli is = 1, the dependence of six 
quaternions by multiplication on four (as their three binary, two ternary, and one 
quaternary product, all taken without altering the order of succession of the fac- 
tors) will give eighteen distinct equations between the ten amplitudes and the 
twenty polar coordinates of the ten quaternions here considered ; it is therefore 
in general permitted to assume at pleasure twelve of these coordinates, or to 
choose six of the ten points upon the sphere. Not only, therefore, may we in 
general take one of the two pentagons arbitrarily, but also, at the same time, may 
assume one corner of the other pentagon (subject, of course, to exceptional cases) ; 
and, after a suitable choice of the ten amplitudes and four other corners, the five 
relations (440), between the two pentagons and the five conics, will still hold good. 

A very particular (or rather limiting) yet not inelegant case of this theorem 
is furnished by the consideration of the plane and regular pentagon of elementary 
geometry, as compared with that other and interior pentagon which is determined 
by the intersections of its five diagonals. Denoting by k, that corner of the inte- 
rior pentagon which is nearest to the side rr’ of the exterior one; by r’, that 
corner which is nearest to r’ Rr”, and so on to Rr?” ; the relations (440) are satisfied, 
the symbol (..) now denoting that the two points written before it are foci of an 
ordinary (or plane) ellipse, inscribed in the plane quadrilateral, whose corners 
are the four points written after it. We may add, that (in this particular case) 
two points of contact for each of the five quadrilaterals are corners of the interior 
pentagon ; and that the axis major of each of the five inscribed ellipses is equal to 
a side of the exterior figure. 

49. By combining the principles of the forty-seventh with the calculations of 
the twenty-eighth and thirtieth articles, we see that, with the relations (258), 
(259), (284), from which the relations (285) have been already seen to follow, 
we may regard mj, m;, m; as the rectangular coordinates of a point on one focal 
line, and m}>, m>, m3 as the rectangular coordinates of a point on the other focal 
line of a certain cone of the second degree, having its vertex at the origin of those 
coordinates, and having, on the successive intersections of four of its tangent 
planes, four points, of which the coordinates are respectively m,, m.,m,; b, c, d; 
mi, mi, ms; and m;’, mi’, m;'. Hence, with the same relations between the sym- 
bols, the known theory of reciprocal or supplementary cones enables us to infer 
that the two equations 
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rm, + ym; em, 103 
1 Ly Y 2 + 3 } (441) 


zm, + ym; + zm;= 0, 
represent the two cyclic planes of a certain other cone of the second degree, 
which has its vertex at the origin, and contains upon its surface the four points 
which are determined by the twelve following rectangular coordinates : 


md —m,C, mb — md, mc — mb; 


fe / / / ‘ ‘ 
cm, — dm, dm, — bm, bm, — em; 
(442) 


secre 


mim; — mms, mymi'— mim, mys’ — mimi! ; 
Ms M,— MM, M3M,— MM, Mm,—mM'm,. | 


It would have been easy to have given a little more symmetry to these last 
expressions, if we had not wished to present them in a form in which they might 
be easily combined with some that had been already investigated, for a different 
purpose, in this paper. 

50. If we denote by the symbol ?,,, that vector unit which is directed towards 
the positive pole of the arc rr’ (from the point rR fo the point Rr’ on the unit 
sphere), then the general formula (425) for the product of any two vector units, 
z, and 7,,, becomes 

ae 
Uy Iq = (COS + ty Sin) (7 — RR’); (443) 
and because the positive pole of the arc rr’ is the negative pole of the reversed 
arc R’R, so that in this reversal the change of sign may be conceived to fall upon 


the vector unit, 

te — — ta (444) 
while the arc itself may thus be regarded as not having changed its sign, but only 
its pole, we may also write, generally, in this notation, for the quotient of any 


two vector units, the expression 
. * . - . . ae 
Iggy! = — ty ty = (COs + ty, SiN). R’R. (445) 


Hence the associative principle of multiplication gives this other property of any 
spherical polygon, rr’r”..., which may be regarded as a sort of polar conjugate 
to the property (426), as depending on the consideration of the polar polygon, or 
polygon of poles, namely, the following : 


GR Ras Se Flare : a er 
(cos + ty, SIN) R'R. (COS + 7y7_/SIN) RVR’... (COS Fagin» SIN) RR" = J. (446) 


284 Sir WrttiAM Rowan Hamitton’s Researches respecting Quaternions. 
g 


Thus, in particular, for any spherical triangle, of which the three sides may be 
briefly denoted thus, 


Sa aera: Loe 

RR 0 RRS RR O's (447) 
while the three corresponding vector units, directed to the positive poles of these 
three arcs, may be thus denoted, 


Sail epee RG Nh el (448) 


the following equation holds good, and may be employed, instead of (427), as a 
formula for spherical trigonometry : 


(cos. 6” + ¢” sin 6) (cos @ 4+-«sin @) (cos & + “sin é’) = 1. (449) 


Hence also may be derived this other and not less general equation, analogous to 
(431), and serving in a new way to express the result of the multiplication of any 
two numeral quaternions, in connexion with a spherical triangle : 


u(cos 6 + csin @) X p’ (cos 6’ + “sin 6’) = py (cos 0” — ¢’ sin@”’). (450) 


The sides of the triangle here considered are @, 6’, 6’, that is, they are the 
amplitudes of the two factors and of the product; and the angles respectively 
opposite to those three sides are the supplements of the mutual inclinations of the 
three pairs of vector units, /, (’; ¢’,«; 43 they are therefore, respectively, 
the inclinations of the two vector units “ and « to — ’, and the supplement of 
their inclination to each other. But, in the multiplication (450), « ¢, and — ¢’ 
are respectively the vector units of the multiplier, the multiplicand, and the pro- 
duct ; if then we agree to speak of the mutual inclination of the vector units of 
any two quaternions as being also the mutual inclination of those two quaternions 
themselves, we may enunciate the following Theorem, with which we shall conclude 
the account of this First Series of Researches :—Jf, with the amplitudes of any 
two quaternion factors, and of their product, as sides, a spherical triangle be 
constructed, the angle of this triangle, which 1s opposite to the side which repre- 
sents the amplitude of either factor, will be equal to the inclination of the 
remaining factor to the product ; and the angle opposite to that other side which 
represents the amplitude of the product, will be equal to the supplement of the 
inclination of the same two factors to each other. 
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Note A. 
Extract from a Letter of Sir William R. Hamilton to John T. Graves, Esq. 


“ Observatory of Trinity College, Dublin, 24th October, 1843. 


“ The Germans often putz for / —1, and therefore denote an ordinary imaginary 
quantity by « + zy. I assume ¢hree imaginary characteristics or units, 7,7, k, such that 
each shall have its square = — 1, without any one being the equal or the negative of any 
other ; 


t—j7— hs — 118 (1) 

And I assume (for reasons explained in my first letter) the relations 
y= ks WSR kt=); (2) 
S—h; VijS—15) tha=7; (3) 


each imaginary unit being thus the product of the two which precede it in the cyclical 
order ijk, but the negative of the product of the two which follow it in that order. Such 
being my fundamental assumptions, which include (as you perceive) the somewhat strange 
one that the order of multiplication of quaternions is not, in general, indifferent, 1 have 
at once the theorem that 
(w+ ix +jy +hz) (w! +x! +)y' +k2') = w" +n! +jy” +hz", (4) 
if the following relations hold good : 
ww” =ww' —xx' —yy —z2'; (5) 
v= wa! +aw' +y2/—zy'; 
yl awy +yw! +20! — 22’; (6) 
2 = w2! +20! + 2y' — ya’ ; 
and reciprocally that these four relations (5) and (6) are necessary (on account of the 
mutual independence of the three imaginary units, 7, 7, k, except so far as they are con- 
nected by the conditions above assigned), in order that the quaternion w’ +ix” +jy +h2”’ 
may result as a product from the multiplication of w’ + ix’ +jy’+hz’, as a multiplicand, by 
w+iz+jy+hz as a multiplier. 
“¢ Making, for abridgment, 


z/=wal +20; yy =wy'+yw'; 2//=w2'+zw'; (7) 
a! =y2—2y! sy, = 2a —ax's 2,/=2y'—ya'; (8) 

and observing that 
Ey HYY/ +2z,/" = 0, xx, + yy, a6 Zip = 0 3 (9) 


we see easily that 
By EF YLY 2,12, =0 3 (10) 
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therefore, since 


gl! = EM SER AA y” sy 0 +y,/"5 2! = 2, +z,,", (1 1) 
we have 
" : way! 4 Zr anit $y)? 42/P4+2,/P4y,/P +2,'". (12) 
Again, 
(wa! + yy + zz'P 4a [Pry (P42 /P= (a? +y? +27) (a? +y? +2’), (13) 


—2ww' (vx! +yy! +22!) +0/?+y/?4+2,/2= warty? 42”) + wre? +y?4+2"); (14) 

therefore, 
wl? +a! py! 4.2/7 = (w? +2? +y? +27) (w? +07 +y +2"). (15) 

Let 
uw =u cos0; a =p sinf cosp; y =p Sin sing cosy; z =p sinO sing sin); 
w' =p' cosh’; 2! =! sin’ cos¢’; y/ =p’ sin’ sing’ cosy’; 2’ =p’ sinO! sing’ sind’; -(16) 
w= p"eosh!’; a” =p'sinOcosp” sy’ =psinO”singcosp"; 2/’= wsinO”sing’sinb”; 
and let u, sin 0, and sin ¢, be treated as positive (or, at least, not negative) quantities ; 


we shall then have 

p= pp’; (17) 
which may be enunciated by saying that the modulus of the product of two quaternions 
is the product of the moduli of those two factors. 


‘* At the same time we shall have 
r=psin 0, if we make r= (a? +y? +2?) ; (18) 
and may call this quantity, 7, the modulus of the pure imaginary triplet, ix+jy+hz. We 
may also call it the radius of the imaginary part of the quaternion w+7x+jy +z, or 


even the radius of the quaternion itself; and may speak of the inclination of one such 
radius to another, the cosine of this inclination being 


cos . 77’ = cos ¢ cos ¢' +8in @ sin ¢/ cos (if’ —p). (19) 
The angle ¢ may be called the colatitude, and yf the longitude, of the radius, or triplet, 
or quaternion. And @ may be called the amplitude of the quaternion ; so that the real 
part, multiplied by the tangent of the amplitude, produces the radius of the quaternion, 


or of its imaginary part, 
wtan@=r. (20) 


The amplitude, 0, may be supposed to range only from 0 to 7. It vanishes ‘fora pure, 
real, positive quantity, and becomes = 3 for a pure imaginary; it is = 7 fora pure real 
negative. 
*« The equation (5), combined with (16) and (17), gives 
cos 6 = cos # cos 6’—sin 0 sin 6’{ cos ¢ cos p’+sin ¢ sin @’ cos (yf —wW)t; (21) 


if, therefore, we construct a spherical triangle, of which one side is the inclination of the 
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factors, while the two adjacent angles are the amplitudes of those factors, the remaining 
angle will be the supplement of the amplitude of the product. 
«© Combining (5) with (6), we find that 
ww! + ax" +yy" 22 =(w*+ xr +y¥ +2°)w'; (22) 
we! + 0a! yy" 4 2/2" = (w he? + y? +2”7)w ; 
therefore, by (16) and (17), 
cos 0’ = cos @” cos 0 at 0” a 6 {cos p” cos p + ae p” sing cos(h —”)}; (23) 
cos 8 =cos 6” cos 6’ + sin 8” sin 6’{ cos p” cos ¢’+sin p’ sin 9! cos(y’—W) }; 


so that in the spherical triangle lately mentioned, the two remaining sides are the inclina- 
tions of the two factors to their product. This spherical triangle may, therefore, be con- 
structed by merely joining the points r, rn’, rR”, where the sphere, with radius unity, and 
with centre at the origin of 2, y, z, is met by the directions of the radii, r, 7’, 7’, of 
the two factors and the product. The spherical coordinates of these three points are 
0; o> W; ¢”, 5 the spherical angles at the same points are 0, 6’, 7—@’. In the 
solid corner, at the origin, made by the three radii r, 7’, 7’, whatever the lengths of these 
radii may be, the three dihedral angles are 

rrr =03 rrr a0 3 rr'ra7—0'; (24) 
that is, they are the amplitudes of the factors, and the supplement of the amplitude of 
the product. 

‘© Though this theorem of the spherical triangle, r, r’, Rr”, or solid corner, 7, 7’, 7”, 
when combined with the law of the moduli (u/’=p'), reproduces four relations between 
the four constituents, w’, a”, y’, 2’, of the quaternion product, and the eight constituents 
of the two quaternion factors, namely, w, x, y, z, and w’, x’, y’, 2’, that is to say, the two 
relations (5) and (15), and the two relations (22); yet it leaves still something undeter- 
mined, with respect to the direction of the product, which requires to be more closely con- 
sidered. In fact, we can thus fix not only the modulus, ,”, and the amplitude, 9”, of the 
product, but also the inclinations of its radius, 7”, to the two radii, 7 and 7’; but the con- 
struction, so far, fails to determine on which side of the plane rr’ of the radii of the factors 
does the radius of the product lie. In other words, when we deduced the relations (15) 
and (22), we may be considered as having employed rather the equations (9) and (13), 
which were derived from (8), than the equations (8) themselves; the three quantities, 
2,/', y,/, Z,/, might, therefore, all change signs together, without affecting the law of the 
moduli, or the theorem of the spherical triangle. And the additional condition, which is 
to decide between the one and the other set of signs of these three quantities, or between 
the one and the other set of signs in the expressions 


polls ior et oe lis napa ap OEE ay |i eee Hirt ll (25) 
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is easily seen, on reverting to first principles, to be the choice of the cyclical order 77h, 
rather than 7/j, or the choice of the upper rather than the lower signs in the assumptions 


ij=—jizth, jho—hj=+i, hiz—th= 4). (26) 


This gives a clue, which may be thus pursued. Let 


x” = te cos $,s y = re sin 6, cos ww, at = ni sin 6,” sin W's | (27) 
“u" 


vy = r," COS by Oy = a sin by cos his zi," = Tax sin by, sin his 

then, by (12) and (16), and by the meaning which we have assigned to r”, we have 
yr? — a fk pw? = wy? 7/2, (28) 
«* By (9), 7,” is perpendicular to the plane of 7’; and therefore, by (10), 7” is in that 
plane, being, in fact, the projection of 7’ thereupon, This projection is entirely fixed by 
the construction already given ; and it remains only to determine the direction of the 
perpendicular, 7,,’, as distinguished from the opposite of that direction. Anda rule which 
shall fix the sign of any one of the coordinates, x,”, y,”, ,;’, will be sufficient for this 


purpose. It will be sufficient, therefore, to study any one of the equations (8), for 
instance the first, namely, 


pF = a! on! 
aw," =yz —2y’, 
and to draw from it such a rule. 


‘¢ Substituting for y, 2, y’, 2’, their values (16), we find 

x,” = py’ sin O sin 6’ sin ¢ sin ’ sin(l’/—y) ; (29) 
so that (the other factors having been already supposed positive) 7,” has the same sign as 
the sine of the excess of the longitude y/ of 7’ over the longitude y of r. But these longi- 
tudes are determined by the rotation of the plane of ar round the positive semiaxis of «, 
from the position of ay towards the position of wz, or from the positive semiaxis of y 
towards that of z; which direction of rotation is here to be considered as the positive one. 
Consequently, x,” is positive or negative, according as the least rotation round +2, from 
r to 7’, is itself positive or negative ; in each case, therefore, the rotation round a”, and, 
consequently, round 7-,”, or finally round 7”, from r to 7’, is positive. The rotation round 
the product line, from the multiplier to the multiplicand, is constantly right-handed or 
constantly left-handed, according as the rotation round + 2 from +7 to + 4 is itself right- 
handed or left-handed. Hence, also, to express the same rule otherwise, the rotation 
round the multiplier, from the multiplicand to the product, is (in the same sense) constantly 
positive. In short, the cyclical order is multiplier, multiplicand, product ; just as, and 
precisely because, we took the order jk for that in which the rotation round any one, 
from the next to the one after it, should be accounted positive, and chose that 7 should 
be =k, not -—k. The law of the moduli, the theorem of the spherical triangle, and 
the rule of rotation, suffice to determine entirely the product of any two quaternions. 
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“In my former letter I gave a theorem equivalent to that which I have here given as 
the theorem of the spherical triangle, answering, in fact, very nearly to the polar triangle 
conjugate therewith, but, as I think, much less geometrically simple, because the three 
corners had no obvious geometrical meanings, whereas now the corners R, R’, R” mark 
the directions of the factors and product respectively. In the new triangle, if we let fall a 
perpendicular from the extremity r” of that radius of the sphere which coincides in direc- 
tion with 7”, on the are Rr’, which represents the inclination of the factors to each other, 
and call the foot of this perpendicular r/’, we shall have 


“pt Par Bates erat 5 
TT COSA R is i eee SINR Bs (30) 


“ 


also the spherical coordinates of r,” will be ¢,”, ¥/"; and @,”, b,”, in (27), will be the 
spherical coordinates of a point x,” which will be one pole of the are rr’, and will be dis- 
tinguished from the other pole by the rule of rotation already assigned ; it might, perhaps, 
be called the positive pole of rr’, though it ought then to be considered as the negative 
pole of r’r. 

“* We saw that 7,” was in the plane of r and 7”, and this is now constructed by r,” being 
on the great circle RR’. 

«There seem to be some advantages in considering the quaternion 


win,” + jy," + he," (31) 
as the reduced product of the two factors already often mentioned in this letter; it 
is the part of their complete product (4) which is independent of their order ; and its 
radius 7”, is, as we have seen, the projection of the radius r” of the complete product on 
the plane of the two factors 77’. We now see that 

tan 9 sinrr/’= tan 0 sin?’ = tan 7/7’; (32) 
the radius 7/’ of the reduced product divides the angle between the radii r, 7’, of the 
factors, into parts, of which the sines are inversely as the tangents of the amplitudes, 0, 6’. 
Indeed this radius, 7/’, is the statical resultant, or algebraical sum, of two lines which 
coincide in direction with 7 and 7’ respectively, if w’ and w be positive, but have their 
lengths equal to the products w’r and wr’, or yp’ sin 8 cos 6 and jy’ sin &’ cos 8, or ww’ tan 6 
and ww’ tan §’; as appears (among other ways) from the equations (7). For the same 
reason, or by a combination of the equations (7), (16), (27), we have 

r/?u-p'— = cos 6 sin 8” + cos 9” sin 6? +2 sin 6 cos 8 sin 6’ cos @ cos rr’ ; (33) 


and because, by (21), 
cos 6” = cos 9 cos §’—sin @ sin @ cos 77’, (34) 


we arrive at the following pretty simple expression for the radius of the reduced product, 


r/'= pp’ ¥ (cos + cos 0”—2 cos 6 cos & cos 0”). (35) 
2Q2 
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But also, by the general analogy of the present notation, if we denote by j/’ and 0// the 
modulus and amplitude of the same reduced product (31), we shall have 


_— pe” cos 9/1 = w" =p’ cos 0”, sin 8/=r/"; (36) 
therefore, 
/’= pp! ¥ (cos 6? + cos 0 + cos ’?— 2 cos f cos 8 cos 8) ; (37) 
and 
yr 
cos 0/’= coal (38) 


¥ (cos 6*+ cos @” + cos 6” —2 cos 6 cos 6! cos 0”) 


Again, by (17), (28), (34), (36), (37), 
r/'= V (Ww? =p!) = pw’ v (1 +2 cos 8 cos 6 cos 6” — cos 6? — cos 8 — cos ion 5 (39) 
= py’ sin @ sin 0 sin 77’ ; 

an expression for the radius of the pure imaginary triplet, 

70, f! +JY)( 4 RZ,/'5 (40) 
that is, of the complete product (4) minus the reduced product (31), which agrees with 
the second equation (30), because, by spherical trigonometry, 

sin @sin @ sin77’=sin 6” sin r’r/’ ; (41) 
and which gives 
p= pu! V (A—(sin @ sin & sin 77’)’). (42) 
We might call the triplet (40), (which remains when we subtract the reduced product 
from the complete product), the residual triplet, or simply, the residual, of the product of 
the two proposed quaternions (4). And we see that this residual is always perpendicular 
to the reduced product, when it exists at all; for we shall find that it may sometimes 
vanish. It is the part of the complete product which changes sign when the order of the 
factors is changed. 

‘* These remarks on the geometrical construction of the eguations of multiplication (5) 
and (6) have, perhaps, been tedious ; they certainly are nothing more than deductions from 
those equations, and, consequently, from the fundamental assumptions (1), (2), (3). Yet 
it may not be altogether useless, in the way of illustration, to draw some corollaries from 
them, by the consideration of particular cases. 

‘* Multiplication of two Reals.—It is evident from the figure that, as [the two internal 
angles] @ and 6’ tend to 0, [the external angle] 0” tends to 0 likewise; and that the same 
thing happens with respect to 0”, when @ and @/ both tend to 7. Hence the product of 
two positive or two negative real quantities is a real positive quantity. But when one of 
the two amplitudes of the factors, 0 or 6’, tends to 0, and the other to z, then 6” also 
tends to 7; the product of two reals is, therefore, real and negative, if one of the two 
factors is positive and the other negative. 

“* Multiplication by a Real.—If 0 tend to 0, & tends to become = 6’, and r” tends to 
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coincide with r’; also » tends to become = w. If, therefore, a quaternion be multiplied 
by a positive real quantity, w=, the effect is only to multiply its modulus by that quan- 
tity, without changing the amplitude or direction. But if @ tend to 7, then yu tends to 
—w,; R” tends to become diametrically opposite to Rr’; and 6” tends to become supple- 
mentary to @’. Ifa quaternion be multiplied by a real negative, w= —p, the effect is to 
multiply the modulus, y’, by the real positive, —w=; to change the amplitude @’ to 
a—O0’; the colatitude, ¢’, to 7—q’; and the longitude, y/, to 7+. Accordingly, by 
inspection of the second line of the expressions marked (16), we see that these changes 
are equivalent to multiplying each of the four constituents, w’, a’, y’, 2’, of the proposed 
quaternion, by —y. In each of these two cases of multiplication by a real, the residual 
triplet disappears by (39), because sin @ vanishes. 

‘* Multiplication of a Real by a Quaternion.—We have only to suppose that 6’ tends 
to 0 orto. ‘The residual vanishes, and the order of multiplication is indifferent. 


“* Multiplication of two pure Imaginaries.—Here 0= 6’ = >. war, p=r’'; KR” coincides 


with r,’, that is, with the positive pole of rr’; the direction of the product is perpendi- 
cular to the plane of the factors; and the amplitude of the product is the supplement of the 
inclination of those two factors to each other. Introducing the consideration of the 


. . T 
reduced product and residual, since R’/R//=5, we have; by; (80), 7/=0; 7/"=r"; the 


reduced product is a pure real, namely, the real part of the complete product; and the 
residual is equal to the imaginary part. The amplitude of the reduced product is = 7, 


. . . . . Tv r| 
or = 0, according as the inclination of the factors is less or greater than 3: such, then, is 


the condition which decides whether the real part of the product of two pure imaginaries, 
taken in either order, shall be negative or positive. The real part itself = yp’ cos 6” = — 
rr’ cosrr’= the product of the radii of the factors multiplied by the cosine of the supple- 
ment of their mutual inclination. The radius of the residual =77 sin77’= the product 
of the same radii of the factors multiplied by the sine of their inclination to each other. 
The product is a pure imaginary, if the factors be mutually rectangular; but a pure 
real negative, if the factors coincide in direction ; and a pure real positive, if their direc- 
tions be exactly opposite. 

‘© Squaring of a Quaternion.—As nk’ tends to coincide with r, and 6! to become equal 
to @, Rr” tends to coincide likewise with r, and 9” to become double of 6, at least if @ be 
less than >" But if @ be greater than = then r” tends to coincide with the point diame- 
trically opposite to r, and 9” tends to become equal to the double of the supplement of 0. 
If é= > then Rr” tends to become distant by 5 from Rr, but in an indeterminate direction, 


which is, however, unimportant, because 9” tends to become = 7, and the square (of a pure 
imaginary triplet) is thus found to be a pure real negative ; which agrees with the recent 
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result respecting the product of two pure imaginaries, coincident in direction with each 
other. In general, the square of a quaternion may be obtained by squaring the modulus 
and doubling the amplitude ; that is, the square of 


cos A+ sin (7 cos ¢+/jsin ¢ cosy +h sin ¢ sin W), (43) 
may always be thus expressed : 
pw cos 264 pw? sin 20(7 cos ¢ +7 sin @ cos P+A sin ¢ sin W) ; (44) 
for instance, 

(tcos ¢+/sin ¢ cosf+h sin gsiny)?=—1; (45) 
although, when 0 >5 6 <7, it is supposed, in the construction, that we treat cos 20 as 
= cos (27—26); sin 20 cos ¢ as = sin (27—24) cos (w—¢); sin 20 sin @ cos ¥ as = sin 
(27—29) sin (w— ) cos (r+); and sin 20 sing sin ~ as = sin (27—26) sin (7—@) sin 
(7+); all which is evidently allowed. 

“Cubing a Quaternion.—The cube may always be found by cubing the modulus, and 
tripling the amplitude. 

** Raising to any whole Power.—The n* power of the quaternion (43) is the fol- 
lowing, if x be a positive whole number: 


pu” cos nO +n" sin nO(i cos p+) sin ¢ cosy +h sin ¢ sin w), (46) 


** Extracting a Root.—The n'* root has, in general, m, and only m, values, included 
under the form 


: 2 ee 
preos T°PF 4 sin =e —- 


(tcos P+j sin  cosy+hsin ¢ sind). (47) 
** Roots of Reals.—If 6=0, so that we have to extract the n‘* root of a positive real 
quantity, w, considered as the quaternion 
w +20 +70 +h0 =w, (48) 
» and y remain entirely undetermined, in the formula 


(1 +70 +70 +hO)* =u" cos PF 4. sin = (écosp+jsin pcospy+ksingsiny). (49) 


For example, unity, considered as 14+20+70+40, has not only itself as a cube root, but 
(The 


2 
also every possible quaternion which has its modulus =1, and its amplitude = = 


amplitude = corresponds merely to quaternions with directions opposite to those with the 
amplitude = and direction is here indifferent.) But unity has only two square roots, 


+=14704704+20. 


| 
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“Tf @=7, so that we have to extract the n" root of the quaternion (48), when w= —n, 
we have still ¢ and yf left undetermined, but the formula is now 


(2 He LD ih a )r 


(—1+10 +j0+ hO)> = = "cos (tcos@ +) sing cosp +A sing siny). (50) 


For example, the square root of —1 may have any arbitrary direction, provided that it is 
a pure imaginary with modulus =1 ; 


(—1+i0+j0+20)' =i cosg tj sin g cosy +h sing sin y. (51) 


‘“* Exponent any positive quantity. The power is 


yrcos( “8 - 2pr +usin( 9 + pr ) (i cos @+/ sin ¢ cosp+h sin @ sin ), (52) 


pm Be P ae aie t 
it— be any positive fraction ; and it is natural to define that the power with incommen- 
surable exponent 


$cos 0+ sin 0 (é cos ¢+/sin p cos +h sin ¢ sin W) }” (53) 


is the limit of the power with exponent =, if v be limit of *; hence, generally, the power 
(53) is 

p’ cos (v8+ 2vpr) +p" sin (v8+2vpr) (tcos@+jsingcos~+hsin@psiny); (54) 
at least, if »y be positive. The reason for this last restriction is, that we have not yet con- 
sidered division, at least in the present letter, which I am aiming to make complete in 
itself, so far as it goes. 

“ Multiplication of codirectional Quaternions.— If, in fig. 1, we conceive R’ to approach 
to R, then, in general, r” will approach either to R or to the point diametrically opposite: 
and, in the first case, 0” will tend to become the sum of § and 6’; but, in the second case, 
the sum of theirsupplements. In each case we may treat 6” as = 0+ 6’, if we treat R” as 
coinciding with r, or ¢” and y as equal to @ and. Thus, generally, 


$u cos 6 +p sin ™ (i cosp¢+/sin ¢ cos+hksin o sin) } 
x $y’ cos 6+ p/sin 8 (i cos p+) sin ¢ cos P+hAsin @ sin L) } 
= pp! cos (0+ 6’) + py’ sin (0+ 6’) (¢ cos +7 sin @ cos W+hsin psin JL) ; (55) 
which accordingly agrees with the equations of multiplication (5) and (6), whatever p, py’, 
0, 8', p, and may be. (Indeed, if 6’+6=7, the position of r” is undetermined ; but this 
is indifferent, because its amplitude is now =7, and the product is a pure real negative.) 
For example, by making ¢=0, we fall back on the old and well-known theorem of ordi- 
nary imaginaries, that 


(4 cos 0+iu sin 8) (u/ cos 6 + iu’ sin 6’) = up! cos (8+ 6’) + tu’ sin (0+0). (56) 
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** Division [, Submultiplication|.— By (55), 


$ncos 4+ sin 0(¢ cos p+) sin ¢ cosy +h sin # sin ~)} x 
$c cos 9—p- sin 0 (i cos 6 +/ sin ¢ cos~+h sin psiny)}=1. (57) 
«The reciprocal of a quaternion may be found by changing the modulus to its reci- 
procal, and then either changing the amplitude to its negative, or else the direction to its 
opposite; this latter change (of direction, rather than of amplitude,) agreeing better than 
the former with the construction in fig. 1. Accordingly, in that figure or in this, in 
which r represents the direction of multiplier, and may be called the multiplier-point, r’ 
multiplicand point, and r” product point, if we prolong re’ and rr” till they meet in rR’, the 
point diametrically opposite tor; then, in the triangle rR‘ Rr” nr’, the point rR’, with ampli- 
tude 9’, will be equal to the product of x‘ as multiplier, with amplitude 0, and r” as multi- 
plicand, with amplitude 6”, by the theorems already established. We may, therefore, 
return from product to multiplicand, by multiplying by reciprocal of multiplier. But it is 
natural to call this return division [submultiplication]. To divide [or rather to sub- 
multiply] is, therefore, to multiply by the reciprocal of the proposed divisor, if this 
reciprocal be determined by the rule assigned above. These definitions and theorems 
respecting division of quaternions lead us to put the equation (4) under the form 
w —in—jJy—khz 


1 +ia!+7y' +h2=... = — 
uu! + ta! + 7y! + wee Tye 


(wl + ta" + jy" + hz”); (58) 
and so conduct us not only to the relation ew’ =(w?+a*>+y*?+2°)"(ww! + vx" + yy” +22”), 
which we had already, but also to these others, which can likewise be deduced easily from 
the equations of multiplication, (5) and (6), 


Va(wt+et+y+2) (wa! —aw" + zy” —y2") | 
y= (we +a? +y? +27)! (wy! — yw"! + a2" —z2"); 


(59) 
a= (we tart yet 2?) (we — zw" + ya" —a2y"). | 


The modulus of the quotient is the quotient of the moduli. 


ju’ COS 0” tau sin 0” (i cos p+) sin cos p +h sin gsin p) j 


nw cosO + sin# (écos@+/sin p cos~+hsin ¢ sin p) (60) 
= - cos (6"—0) +4 sin(6”— 6) (icosg+jsin ¢ cos P+ sin @ sin yp). | 
Ml lu 
*¢ Codirectional quaternions may be divided by each other, by division of moduli and 
subtraction of amplitudes; and diametrically opposite quaternions may be treated as codi- 
rectional, by changing an amplitude to its negative. A quaternion divided by itself gives 
unity, under the form 1 +720 +70 +20. 
‘© Raising to any real Power.—The transformation (54) of the v* power of a quater- 
nion is now seen to hold good, if the exponent vy be any real quantity. 


See 
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‘© Napierian Exponential.—lf f(t) = 1+; + - + &e. (61) 
then, r being = ¥ (#*+y°+42"), &e., 
Sliatjy +hz) = cos r+sin r (i cos $47 sin ¢ cosW-+h sin ¢ sin W) ; (62) 


the modulus of the function f of a pure imaginary ts unity.” 


Tue foregoing is an extract from a letter, hitherto unpublished, which was addressed by 
the author to his friend, Mr. Graves, at the time specified in the date, Two figures have been 
suppressed, as it was thought that the reader would find no difficulty in constructing them 
from the indications given. A fractional symbol in the formula (58) has also been sup- 
pressed, as not entirely harmonizing, under the cireumstances in which it occurs, with a 
notation subsequently adopted. And the reader is reminded by the words ‘ submultipli- 
cation” and ‘* submultiply,” inserted within square brackets, that these words have since 
come to be preferred by the author to the words “division” and ‘ divide,” when it is 
required to mark the return from the product to the multiplicand, in cases when the order 
of the factors is not indifferent to the result: division being (in the text of the present 
paper) defined to be, in such cases, the return from the product to the multiplier. With 
these slight changes, it may be interesting to some readers to see how nearly the author's 
present system, although it has been, since the date of the foregoing letter, in some respects, 
simplified and extended, besides being applied to a great variety of questions in geometry 
and physics, agrees with the formule and constructions for quaternions, which were em- 
ployed by the writer in October, 1843; and were in that month exhibited by this letter to 
a scientific correspondent, and also soon afterwards to a brother of that gentleman, the 
Rey. Charles Graves, before the Meeting of the Academy at which the first public com- 
munication on the subject was made, and of which the date (November 13th, 1843) is 
prefixed to the present series. As that public communication of November, 1843, was in 
great part oral, and as a considerable interval has since elapsed, the author thinks it may 
be not irrelevant to mention expressly here that not only were the fundamental formule 
(1) (2) (3) of the foregoing letter exhibited to the Academy at the date so prefixed, and a 
general sketch given of their relation to spherical trigonometry, but also the theorems 
respecting the connexion established through quaternions between certain spherical quadri- 
laterals, pentagons, and conics, which form the subject of the forty-seventh and forty-eighth 
articles of this paper, were then communicated, and illustrated by diagrams. Those 
theorems have since been printed in the Number of the ‘¢ London, Edinburgh, and Dublin 
Philosophical Magazine” for March, 1845. The fundamental equations between 7, j, k 
received their first printed publication in the Number of that Magazine for July, 1844; 
and other articles on Quaternions, by the present writer, which will probably be continued, 
have appeared in the Numbers of that Magazine for October, 1844; July, August, and 
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October, 1846; and in that for the present month, June, 1847, in which these last sheets 
of the present paper are now passing through the printers’ hands. The articles on 
Symbolical Geometry, in the “* Cambridge and Dublin Mathematical Journal,” are also 
designed to have a certain degree of connexion with this subject. 

The “first letter” to Mr. Graves, referred to in the one here printed, was written on 
the 17th of October, 1843,and has been printed in the Supplementary Number of the same 
Philosophical Magazine for December, 1844. It contained a sketch of the process by 
which the writer had succeeded in combining, through Quaternions, his old conception of 
sets of numbers, derived from the conception of sets of moments of time, with the notion 
of tridimensional space. he former conception had been familiar to him since the year 
1834, about the end of which year, and the beginning of the following one, he tried a 
variety of triplet systems, and obtained several geometrical constructions, but was not 
sufficiently satisfied with any of them to give them publicity ; attaching, perhaps, too 
much weight to the objection or difficulty, that in every such system of pure triplets, the 
product was found to be liable to vanish, while the factors were still different from zero. 
It should be here observed that the ¢rplets described in the author’s two letters of October, 
1843, are really imperfect quaternions ; they are, therefore, strictly speaking, not proper 
triplets, such as he had once sought for (and in some degree found); and they cannot be 
regarded as having at all anticipated the independent discoveries since made by Professor 
de Morgan, nor those made subsequently by John T. Graves, Esq. and the Rev. Charles 
Graves, in 1844, respecting certain remarkable systems of such pure and proper Triplets, 
with products of a triplet form, connected with imaginary cube roots of negative or posi~ 
tive unity. 

The writer hopes that a very interesting theory of octaves, including an extension of 
Euler’s theorem respecting products of sums of squares from four to eight, which was 
communicated to him as an extension of his quaternions, about the end of 1843 and begin- 
ning of 1844, in letters from his friend, Mr. John Graves, will yet be published by that 
gentleman, who has also contributed to the ‘* Philosophical Magazine” for April, 1845, a 
remarkable paper on Couples. Some valuable papers on Couples, Quaternions, and 
Octaves, have also been communicated to the same magazine, since the commencement 
of 1845, by Arthur Cayley, Esq., especially an application of quaternions (which appeared 
in the February of that year) to the representation of the rotation ofa solid body. ‘That 
important application of the author’s principles had indeed occurred to himself previously ; 
but he was happy to see it handled by one so well versed as Mr. Cayley is in the theory 
of such rotation, and possessing such entire command of the resources of algebra and of 
geometry. Any furtherremarks which the writer has to offer on the nature and history of 
this whole train of inquiry, must be reserved to accompany the account of his Second 
Series of Researches respecting Quaternions. : 


X. On the Effect of Heat in lessening the Affinities of the Elements of Water. 
By the Rev. Tuomas Romney Rosinson, D.D., M.R.I.A., &c. 


Read June 14, 1847. 


AT the last Meeting of the British Association, Mr. Grove announced the 
remarkable fact that water in contact with platinum at a high temperature, is 
resolved into oxygen and hydrogen gases. The most obvious explanation of this 
is, that heat, which in general appears as the antagonist of molecular attractions, 


plays the same part here, and subverts the affinity of these bodies. It was, how- 


ever, objected to this way of explaining the phenomenon, that it is inconsistent 
with the well-known effect of heat in causing these very gases to combine; and 
steam is not decomposed, even at the high temperature of the oxy-hydrogen blow- 
pipe (where it is the heating agent), unless it be in contact withasolid. These 
objections do not seem of much weight : there are many instances where affinities 
are apparently called into play at one temperature, and subverted at another ; 
that of peroxide of mercury, for instance, which is formed by exposing the metal 


to oxygen at 650°, and completely decomposed at 1000°. As to the necessity of 


a solid being present, we know far too little of the mechanism of these molecular 
actions to dogmatize on the subject, especially at a time when all seems tending 
to prove that, if these forces be not actually forms of one common power, or, to use 
the ideas of geometry, particular solutions of one great physical equation, they 
are, at least, bound together by a most intimate correlation. But we may goa 
little further; for since we are compelled, in the present state of our knowledge, to 
consider heat as a mere system of some kind of vibratory action, we are warranted 
to expect its action, at the common surface of two media so different as a gas and a 
solid, to be widely different from what it is in either separately. However, during 
the discussion this question suggested itself to me: if heat be, in the present 
Day 


= = 
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instance, an antagonist of affinity, while at a lower temperature it is auxiliar to it, 
there must be a certain portion of the thermometric scale where its action is null, 
and which may be expected to present some peculiar facts that might give an 
insight into the theory of these attractions. This speculation might perhaps be 
verified by a method which I had been applying for some years during the few 
moments which I can spare from other pursuits. It is an application of the pro- 
cesses and instruments described by Mr. Wheatstone in his Memoir on deter- 
mining the Constants of a Voltaic Battery (Phil. Trans. 1843), to give a measure 
of the affinity which combines the elements of an electrolyte, by measuring the 
diminution of electric intensity which its decomposition causes in the battery. It 
is much to be regretted that Mr. Wheatstone himself, or some other of similar 
acquirements, has not followed up this part of electro-chemical science; for it 
seems capable of giving in many instances those numerical values of affinity which 
are required to bring chemistry more fully within the domain of mathematical 
investigation. A very brief explanation of it will serve both to explain my own 
communication, and, | hope, to inspire in such members of the Academy as may 
not be acquainted with the theory on which it is based, a wish of becoming more 
familiar with it. 

It is well known that the energy of a voltaic current is expressed by the 


formula 
E 


Raia 


in which the numerator represents the intensity of its exciting cause, and the 


denominator the sum of the resistances which oppose its transmission. The theo- 
retical reasoning on which it is based is, of course, in some degree, hypothetical ; 
but it has received most ample verification from experiment in every instance of 
its application. The symbol x denotes the sum of the resistances of the fluids 
interposed between the metals of the battery; it varies with their composition, 
and differs in no respect from that of metals, being like them directly as the length 
of the conducting medium, and inversely as its transverse section. The remain- 
ing resistances, being metallic, are represented by 7; both can be expressed 
directly in revolutions of Mr. Wheatstone’s Rheostat. 

The quantity © denotes a change of electric condition produced by the che- 
mical changes occurring in the circuit, and strictly proportional to their inten- 
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sity.* It is therefore quite independent of the magnitude of the surfaces which are 
in action, as (for example) the measure of gravity at our earth’s surface is inde- 
pendent of mass. By establishing a measure of it, we of course obtain a measure of 
the forces producing it when they can be assigned ; and though these are in gene- 
ral mixed in considerable complexity, yet it is often possible to separate their 
values. For instance, in the common voltaic cells, if we conceive a plate of pure 
(or amalgamated) zinc immersed in dilute sulphuric acid, along with, but not 
touching, a plate of copper, no sensible action takes place, notwithstanding the 
existence of very energetic affinities tending to produce it, till an electric current 
is permitted to circulate by connecting the metals. Then the zinc is oxidized 
at the expense of a portion of the water present, whose equivalent hydrogen is 
evolved as gas. The forces which tend to favour this must be regarded as 
exciting the current, those which are opposed to it as antagonists or negative. 
We have, therefore, 


= = 
1. Affinity of zine for oxygen. 5. Affinity of hydrogen for oxygen. 
2. i: sulphuric acid for oxide 6. = copper for oxygen. 
of zine. Te S zine for hydrogen. 
3. ss copper for hydrogen. 8. 5 sulphuric acid for water. 
4. e water for sulphate of zinc. r 


Of these 3 is probably insensible, and 7 feeble; and it is known that 2, 4, and 
8 have no appreciable effect. If, therefore, we represent the affinity of zinc for 
oxygen by z.0, &c., we have 

E = 2.0 — h.o —cu.0. (a) 
But if, as in Daniell’s battery, instead of permitting the hydrogen to be evolved, 
we present to it, at the place of its evolution, a substance from which it can obtain 
oxygen, such as sulphate of copper, that change increases the intensity of the cur- 
rent by ho. — cw.o, and the total effect is 


E= 2.0 —2¢uU.0. (b) 


* It seems impossible to disturb the molecules of a body from their normal condition without 
exciting electricity ; compression, friction, fracture, heat, magnetism, chemical action, vaporiza- 
tion, and congelation, are familiar examples: and, on the other hand, electricity can be made to 
reproduce several of these at pleasure. 
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If several cells be combined in a battery, it is also known that & and R are the 
sums of those quantities for each cell, even when the chemical actions in them are 
unequal, or in some of them antagonistic; the latter case belonging to the for- 


mula 
Ee 


ee ea 
e and y being the mtensity and resistance of the negative cell. Let us apply this 
to the common voltameter, containing water, acidulated with sulphuric acid to 
make it a better conductor, and provided with platinum electrodes. This cell, 
before it is made part of the circuit, is of course inert; but the current, decom- 
posing the water, coats the anode, or positive platinum, with a film of oxygen 
retained there, either as peroxide of hydrogen, or, as seems more probable, con- 
densed into the fluid state by the enormous force which capillary phenomena 
prove to exist at the surface of solids ;* the hydrogen being similarly attached to 
the cathodes. These, with the platinum, act against the current with the nega- 
tive intensity, o.p + h.p — h.o;f and unless its £ be considerable, arrest it; till 
they are weakened by the gradual solution of the condensed gases in the electro- 
lyte. But if the battery have sufficient power, the decomposition proceeds, till 
the capillary force of the electrode surfaces can no longer detain the accumulated 
gases, and theinexcess escapes, the peculiar charge of the electrodes being still 
maintained. ‘The continued evolution of the gases adds another negative, h.o ; 
and as p./ is most probably insensible, the expression of this force, which I call 


electrolytic intensity, becomes 
e=op —2ho. (c) 


* Charcoal absorbs in this way 9.25 times its bulk of oxygen. Supposing the carbon to be as 
dense as diamond, it would occupy about one-third of the space; were the condensed gas to fill all 


the remainder, its pressure must be at least fifteen atmospheres, but as it is probably in a film of 


evanescent thickness, the force is very much greater than even this. 

+ This is probably the intensity of the gas battery, but I have not access to one of these 
curious instruments. The quantity 0.p — h.o can be obtained by measuring the intensities of a 
combination of zine and platinum, excited with dilute sulphuric acid, and then with that and sul- 
phate of platinum, being their difference. Ifthe cathode be a metal easily oxidated, its affinity is 
substituted for that of the condensed hydrogen, and the expression is, say for zinc, 


e’ =0.p — ho — 20, 


by means of which a wide range of them may be determined. 
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Now it is obvious that, if this quantity be measured at the ordinary temperature 
of the atmosphere, and then near the boiling point of water, any difference that 
is found sufficiently great to be unconnected with the thermo-electric indications 
that sometimes arise from the dissimilarity of the electrodes, must belong to h.o: 
as the affinity of platinum for oxygen cannot be supposed to vary at such low 
heats. The actual experiments, however, require considerable care, and I am 
induced to describe them at more length than would be necessary, but for my 
hope that the detail may be of some use to any who may feel disposed to pursue 
this vestigation. 

The methods used to determine these quantities differ but little from those 
given by Mr. Wheatstone in the Memoir already referred to. ‘The most impor- 
tant deviation is in the measure of intensity. He assumes it to be the number of 
turns of the rheostat which must be added to the circuit, in order to reduce the 
deflection of a rheometer from 45° to 40°. For this I have ventured to substitute 
another, namely, the sum of the resistances required to bring the rheometer to 
45°. This is equivalent to assuming as the unit current one which produces that 
deflection. Supposing it attained by introducing into the circuit a resistance p’, 
the fundamental equation gives 

= z ————; hence E=R+r+/f’. 
R+7r+p 

Its advantages consist in giving a larger scale, and in being liable to less absolute 
errors. ‘These errors are of two kinds: the one of observation caused by the un- 
certainty of reading the divisions of the rheometer, and the varying contact of the 
rheostat ; the other arising from changes in the magnetic intensity of the needle. 
With Tespect to the first class, they are easily valued by the same application of the 
calculus of probabilities, which has so much advanced astronomy and other branches 
of physics. Comparing each observation of a series with their mean, it is possible 
to deduce what amount of error is as likely to affect a single observation as not. 
This is called the Probable Error; the value of the observation is inversely as 
its square, and that of the mean of the whole series as the same inversely, and also 
as their number directly. Now from a considerable series I find these probable 
errors are, with my apparatus, + 7.7; and + 5.1 for Mr. Wheatstone’s & and 
mine; while the quantities themselves are 118.9 and 236.4. The relative accu- 
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racy is therefore as one to three. As to the second, it is easily shown that a 
diminution of the needle’s magnetism lessens my £, and increases the other in a 
still greater proportion: there would be no difficulty in investigating the cor- 
rection required, but it is much simpler to keep the needles in a state of satura- 
tion, which can be performed during an experiment by means of a small, flat 
helix, like that which Mr. Elias has described in the Philosophical Magazine for 
November, 1844.* 

The electrolytic intensity ¢ is easily determined on the same principles. Let 
p be the rheostat resistance which must be added to produce the same deflection 
as is observed with the voltameter included in the normal circuit; and p” that 
required to give 45° along with the voltameter, we have the equations, 


E .* teerer E wl B—€ mest 
nor+p x+r+y rtr+p rt+rt+ytp ’ 
hence 
Ep” idee ashy 
e=r— = > Y=p—p —e. 
pve 


In this process, however, each result is derived from six observations ; and there- 
fore, independent of real changes, the errors of observation must have a greater 
effect than in £, which is given by three. 

The quantity r has been determined by Mr. Wheatstone’s second method. 
The rheostat being at zero, the first copper and last zine are connected by a wire, 
whose resistance = 7 (that of the normal circuit), plunged in two small mercury 
cups drilled in their connectors: the deflection being noted, the dividing wire is 
removed, and the entire current brought to the same resistance by the rheostat. 
The added resistance = R. Simple as this is, some precautions are requisite to 
obtain uniform results. The wire is coated at its extremities with lac, so that only 
its transverse sections touch the mercury; it is of platinum, that it may be un- 
changed by use; but as this metal is easily heated by voltaic currents (which 
increases its resistance), it is lapped with fine thread, and kept wet with water. 


* That which I use has sixteen feet of copper wire, {15 thick, coiledinto a cylinder 3,7 diameter, 
and 1.2 thick, with a central aperture of 1.2 also. The needle is passed through this, having its 
poles connected by a bent piece of soft iron; and a current even one-fifth of that produced by one 
of the cells which I use, produces the maximum. It appears to me that this would be useful in 
magnetic expeditions. 


ee 
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For the same reason the coils of wire which are used to give resistances beyond 
the range of the rheostat, are arranged in a glass jar filled with a mixture of 
alcohol and water, the latter alone being rather too good a conductor. This may 
seem a needless refinement; but I found a set of coils which gave the resistances 
1091 in air, sink to 1020 when thus managed, though the deflection was only 45°. 

By the same means the constant 7 is obtained: calling the resistance of the 
dividing wire w, and adding to r the resistance a before dividing the current, we 
have the two equations, 


pEXews A inka) Dawe 


i aan ae he 
from which 
SS SS Ee 3 
p—p—a 
and using several values of a we get a set of equations of condition from which it 
is found exactly. In these experiments it is 7.3. 

The apparatus which I used was constructed for other researches, requiring 
very powerful currents, and therefore the rheometer is not very delicate. Astatic 
needles would soon lose their quality in it, and numerous convolutions of fine wire 
introduce too much resistance. It consists of a rectangle of copper bar one- 
fourth inch square, six inches by three, with a needle three inches long supported 
in its centre on a point of steel and ruby cap. The circle is divided only to 
degrees ; but I estimate tenths of these pretty sure. I have said that I assume 
as the unit of current that which deflects this instrument to 45°; I may add, that 
this is able to afford, in five minutes, by the decomposition of water containing 
one-eighth of sulphuric acid, with electrodes of bright platinum, 6.57 cubic inches 
of gases at 60° thermometer, and 30°.0 barometer. 

The rheostat is analogous to the second form of that most valuable instrument 
described by Mr. Wheatstone ; its copper wire is one-twelfth diameter, and a 
revolution 8.3 inches. Though the moveable piece which connects its spiral 
with the circuit is kept in contact by a rather considerable weight, I find that its 
action is not perfectly uniform, and this, with a suspicion that even such thick 
wire may not be entirely secure from the effect of heat, has induced me to have 
one made ona different principle. In it the varying resistance is given by a pla- 
tina wire, whose effective length is varied by raising it out of mercury ; its 

VOL. XXI. 25 
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imperfect conductivity permits a moderate length of it to be sufficient, and it 
can be kept cool as above. Ona future occasion I will submit its action to the 
Academy; for I think it of the highest importance to make as perfect as possible 
these electro-chemical measurements. 

The voltameter which I used has electrodes two inches by one, each folded 
thus, <=>. That which is used as anode is still coated with black plati- 
num by electric decomposition of its chloride, the other is now in its ordinary 
state. Particular attention must be paid to the purity of the sulphuric acid used, 
as a very minute portion of nitric acid or metallic sulphates will change the elec- 
trolytic intensity. 

After this long preface, the experiments themselves will require little detail ; 
it will be sufficient to give the numbers of one in full, and the results of the rest. 
The battery consisted of five cells, excited by chloride* of copper and hydro- 
chloric acid. The voltameter being in circuit, the deflection was 60°.7; when 
removed, p = 350.5 of the rheostat was added to produce the same deflection. 
The voltameter, with p’ = 255.9, gave 45°; when removed, p’ = 899.3 gave 
the same deflection. 

The current being divided by the platinum wire, the deflection is 66°.0; the 
entire current, with 233.1, gives the same. Hence r = 233.1 for the five cells, 

it 
E=R+r+p'=—11146; £ x= 519.7; 
and, im fine, 
e= 594.9; y= 48.5. 


* Prepared by dissolving the sulphate in strong hydro-chloric acid; Kane has shown that it 
is decomposed, and an extremely concentrated solution is thus obtained, a small quantity of which 
is sufficient to excite the cells for a long time, and, from the greater solubility of the chloride, the 
action is more uniform than with the sulphate. Its intensity is less, but its r still more so; so 
that the current is often more powerful. Six measures of it give 


ki 2.0—2 Chit = 22050.) sR OU 
Dantellisfcelim et ee eaters E = 20—2cu0 = 275.1; R= 59.9; 
Chloride of copper; sulphuric acid, . . e = 20—2cu.c = 215.2; r= 50.6. 


It should seem from this that the affinity of zinc for chlorine is greater than for oxygen, and 
that this is the case also with copper, but that the difference is still greater. 


| 
| 
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As might be expected, r changes during a series of experiments, both from the 
chemical changes which occur and the heat which they produce: y also lessens 
from the heat evolved by the current. Were the zinc and acids used in the bat- 
tery pure, F would not vary; but as this is not the case in actual work, the sub- 
stances deposited on the metal, notwithstanding the most careful amalgamation, 
cause it to decline, especially when the action is maintained for several hours. 
Therefore each experiment must be complete in itself, and independent of the 
rest. This series gives 
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Mean! «5898.9 iy peroeepe ss Yi ,8).. Temperature: = 61°.2. 


The probable error of a single e = + 10.9; for the mean + 3.1. 

The voltameter was now placed on a disc of wood in an earthen cylinder 6.5 
inches diameter, and the same depth, which was filled with water, covered by a 
film of oil, to prevent evaporation. Steam was passed into this by a make-shift 
apparatus, to raise its temperature, which was measured by a thermometer in con- 
tact with the voltameter at the side opposite to the steam-tube (the electrodes 
preventing its being introduced into the instrument). The heat, however, was 
pretty uniformly diffused, in consequence of the concussions occasioned by the 
condensing steam. I obtained 
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Mean,* e¢= 567.6 . . - Mean, y= 245. .. . Mean, r= 15574 


The probable error of the mean e is here = = 5.3. 

According to this, a rise of temperature, amounting to 74°.2, lessens the elec- 
trolytic intensity of water by 31.3, equivalent to 42.19 for 100°. Now, as to this 
effect being real, and not error of observation, I would remark that the probable 
error of the difference between the two values of e = + 6.2; less than a fifth of 
the difference above. Therefore it can easily be computed that it is as 10,000 to 
1 that the error of observation is not so great. From the equation (¢) we 
infer that 100° lessens the affinity of hydrogen and oxygen 21.1. 

I afterwards got a better steam arrangement, and obtained 
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* The last six were obtained on a different day; and this mean is deduced from the separate 
- 6 . . . 
means, giving each its probable weight. 
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The probable error of the mean e here is + 4.6; the set is more consistent, and 
gives the change of e = 67.9 for 140°, or 48.5 for 100°. The change of /.o is 
24.2. 

One only objection occurs to me against this conclusion: it may be said that 
heat acts merely by expanding the evolved gases, and thus facilitating their 
escape from the electrodes. If so a similar effect should be produced by removing 
the pressure of the atmosphere ; and, to try this, I arranged the voltameter under 
the receiver of an excellent air-pump. Some difficulty was found from the rapid 
effervescence which occurs at the first contact, and would, without precaution, 
blow the fluid out of the voltameter. This was obviated by adding 700 to the 
circuit, removing 400, and then the rest; thus moderating the initial burst of 
gases. The pressure was reduced to 0'.6 before each observation, but the extri- 
cation of gas increased it to about 1'.1 before the deflection was read. The 
barometer = 29.55; temperature of room = 64°.6. The results are : 


BODO Oe ere Y= IA Si, ee) Be 
Gage Rr. ee et Oe ne 
GOGMEM Rint Shas) es eA Scomeet oF pe are 
DO POMEL. Cs a ale Bon os ce ee ee mee ee 
GURNEE, re cea AO aS ye ee te eee 
OOM MER site hte DUS) Saket ci +) etiam eee 
iO Ameer rs a DOS el is | can eee 
GUS Deeb. a AOR vg beeen LO 
SOG Mec ee (AOS oy ae mmr gel 
SOD OM tes ees (ASO Sar mmm ee les 
DON iee gern agers 2) nt VAG Senate ee mee cor dL 


* The conducting power of the water also increases with the heat; but y is, of necessity, less 
accurately determined than e. It almost seems as if the resistance of it would become insensible 


by a little elevation of temperature. 
+ The connecting wires were not sufficiently amalgamated. ‘This does not, however, affect ¢ ; 


it was corrected immediately. 
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The probable error of the mean e is here = + 4.8, and the difference = 9.3. 
Of this I conceive 2.0 is accounted for by the 3°4 of higher temperature. The 
remaining 7.3 is 1.27 times the probable error of that difference (= + 5.73). 
The chances are, therefore, 3 : 2 that it zs error of observation. This does not 
exclude the probability of some effect being produced by the freer escape of the 
gases; but it does establish that the affinity is no¢ changed. The same may be 
said of the conducting power of the electrolyte. I was surprised at this result, 
because gas appeared under the action of a single cell, and with two its evolution 
seemed considerable. ‘The deflection, however, was only 0°.1 With three the 
action was powerful, and the deflection = 33°. 

This effect of heat on water is in singular contrast to its action on the affinity 
of metals, which does not change in the same circumstances. I have already 
stated that in Daniell’s cell the expression of the intensity is r= 2.0 — 2eu0. 
Examining this at the temperature 62°,a mean of 12 gives E= 275.0, r= 45.1; 


and on heating it to 162°.8, as measured by the mean of two thermometers, one 
in contact with the copper, the other immersed between two leaves of the zinc, 
the mean is E = 277.9, R= 27.3. The values of r must be considered identical, 
the slight difference arising from the easier diffusion of sulphate of copper in the 
hot liquid. The conducting power of the fluid, on the other hand, is increased 
considerably, and with it the power of the cell, the currents being 5.38 and 8.50. 
When excited with chloride of copper and hydro-chloric acid [had previously found 

B= 2280" 2). Ar 48:60 SS PROG 
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Either these forces are unchanged, or the affinity of zinc changes in both cases 
just twice as much as that of copper, which seems very unlikely. 

With a cell excited by dilute sulphuric acid whose r= z.0 — cu.o — ho, I 

obtained similarly 
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hence there is a change of h.o = 26.6 for 95°.3, or 27.91 for 100°, a little larger 


* The pressure was less while the current of 45° passed, as less gas was evolved; its mean 
Sts: 
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than 23.2, the probable mean of the voltameter, and perhaps to be preferred to it, 
as obtained by means less complex. The mean of all, 25.1, may with tolerable 


certainty be assumed as the real value. If we might suppose this rate of decrease 


598.9 


to be uniform, /.0 would vanish at L * 100° = 2386°, about half way be- 


25. 
tween the fusing points of gold and cast iron. Judging from my recollection of 
the appearance of the platinum wire, which I saw performing the decomposition 
of water with Mr. Gassiot’s magnificent apparatus, it must actually have been 
near this ; but I hope before long to determine the precise point of the scale by 
actual measurement. 

These facts, I think, show that up to 202° the affinity of the elements of 
water is lessened by heat ; they increase the difficulty already noticed of explain- 
ing how this agent can cause the combination of those bodies; but they are, at 
least, consistent with the wide range of facts which show that the character of its 
action is essentially repulsive. They also justify a doubt whether that combina- 
tion is really produced by its direct influence, or by its evolving some other agent 
of opposite and more powerful tendency. Nor are we withoutsome obscure indi- 
cations that such actually is the case; for Sir Humphrey Davy found, in his cele- 
brated Researches on Flame, that hydrogen will not burn, nor a mixture of it 
and oxygen explode, unless acted on by a body heated so as to emit light. Ata 
temperature something lower the gases combine, without a propagation of the 
action from one part of the mixture to another, and apparently by its successive 
contact with the heated surface. In the case of chlorine, light causes the explo- 
sion at low temperatures; but the repulsive forces are feeble in this gas, as is mani- 
fest from its liquefaction at a moderate pressure. At those temperatures, too, it 
exercises a strong absorptive action on certain rays of light, which the experiments 
of Brewster prove to increase as the heat is raised. ‘The absorption of light by 
oxygen is, I believe, insensible in ordinary circumstances; but the analogies of 
chlorine and iodine authorize a belief that it may be energetic at an elevated 
temperature. Yet more, as heat, when it becomes latent, changes its relations to 
temperature for others belonging to cohesion, may not light, when it loses its 
visible character by absorption (or otherwise), acquire another connected with 
affinity ? In the slower and tranquil combustion we have evidently at work that 
capillary force of which I have already spoken, and which, in the instance of 
platina sponge, is alone sufficient to overcome the elasticity of the gases. But in 
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ordinary cases it requires the temperature to be raised before it acts; yet even 
then is it not probable that, if not light, some other actinic power (like that which 
accompanies light in the spectrum, and is revealed to us by its chemical effects in the 
processes of photography ) is evolved by the heat, and, though invisible, determines, 
in conjunction with the affinity, that atomic change which transforms the three 
volumes of oxygen and hydrogen into two of steam? This conjecture seems to 
me to derive some support from the singular fact, that when a platinum wire is 
traversed by a current gradually increased till it produces ignition, the first gleam 
that appears is not red,* but of a colour which, when I first saw it, I compared to 
the “lavender ray” discovered by Sir John Herschel beyond the violet, though 
I was surprised at seeing the tint of that most refrangible ray preceding the ray 
which is least so. It is quite conspicuous at about 865°; and as the mode in which 
it makes its appearance presents nothing abrupt or discontinuous, it seems likely 
that it is merely a transition from invisible rays, excited at a lower temperature, to 
ordinary light. These are certainly mere surmises, nor would I occupy the time 
of the Academy with them, but that I hope some of them may prompt experi- 
mental inquiry in a direction where, at present, our ignorance is almost total. 
With the same view I will add to them a suggestion, which I think deserves the con- 
sideration of some of those distinguished mathematicians who adorn our Society. 
The undulatory hypothesis is as decidedly connected with radiant heat as 
with light. Can it be also applied to heat when traversing bodies by conduction ; 
and can it be brought to bear on that class of phenomena which exhibit it as 
becoming latent in various changes of molecular condition, and again reappearing 
with the definite numerical precision of a chemical equivalent? Such an attempt, 
if successful, would probably unlock a whole treasure of hidden knowledge; and 
it would scarcely be less precious were its failure to show that in these three forms 
of heat we have been confounding modes of energy which are essentially distinct. 


ArMAGH OBSERVATORY, 
June 11, 1847. 


* This fact has recently been published by Dr. Draper in a paper containing much remarkable 
matter, and, I may add, curiously coincident with some of my investigations, with which, of 
course, it was impossible for him to be acquainted. I observed it in September, 1844, while making 
experiments on the application of wires faintly ignited as the lines of a micrometer, which I pro- 
posed to use with Lord Rosse’s telescopes for drawing nebule. This mode of illumination would 
be perfect were it not that the heated air from the wires produces a little indistinctness. 
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XI.—On an Extension of a Theorem of Euler, with a Determination of the 
Limit beyond which it fails. By Joun Raprorp Youne, Professor of 
Mathematics in Belfast College. 


Read November 30, 1847. 


THE theorem, into the extension and necessary limitation of which it is here 
proposed to examine, was first demonstrated by Euler, under the following enun- 
ciation :—The sum of four squares multiplied by the sum of four squares gives 
a product which is also the sum of four squares. 

This theorem has been lately called in request by Sir William R. Hamilton, 
in connexion with his researches in reference to the calculus of quaternions ; in 
the establishment of the fundamental principles of which he was independently 
led to the theorem in question, as a consequence and a confirmation of the con- 
sistency of his original conventions, with respect to the new imaginary quantities 
which that calculus involves. 

Attention thus came to be directed to the inquiry, as to whether or not 
Euler’s theorem admits of extension ; for it was naturally enough suspected that 
if such extension should be found to be practicable, a corresponding extension of 
the new theory of imaginaries would suggest itself. 

Mr. John T. Graves, who, as well as Professors Charles Graves and De Morgan, 
has paid much attention to these researches, was, I believe, the first to announce 
that the theorem in question was equally applicable to sums of eight squares ; 
and he remarks that, “as Euler’s theorem is connected with Hamilton’s quater- 
nions, so my theorem concerning sums of eight squares may be made the basis of 
sets of eight, and was actually so applied by me, about Christmas, 1843. But,” 
he adds, “ the full statement and proof of the theorem concerning sums of eight 
squares, and of several other new theorems connected with the doctrine of num- 
bers, must be reserved for another time.” 
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This quotation is from the Philosophical Magazine for April, 1845. No 
demonstration, however, of the extended case of Euler’s theorem having appeared, 
the author of the present communication was led to examine into the practicabi- 
lity of this extension; and, early in May last, arrived at the conclusion that, as 
previously affirmed by Mr. J. T. Graves, the theorem really had place for sums 
of eight squares, as well as for sums of two and of four. He communicated his 
investigation to the Royal Irish Academy in the beginning of June; and the 
formula for eight squares, to which this investigation conducted, was printed in 
the «‘ Proceedings” for the then current month. At the same time Mr. Graves’s 
results were also presented : both formule appear on the same page of the “ Pro- 
ceedings ;” and, as they are equally correct, it is needless to add that they are 
mutually convertible ito each other. 

In drawing up this more detailed communication for the Transactions, the 
writer should not have thought it worth while, in a matter of such comparative 
insignificance, to have adverted to these preliminary particulars, but for his 
anxiety to avoid all appearance of preferring claims, however unimportant, to 
which he has no title. He may, perhaps, be permitted to add, that, even up to 
this date, no investigation of the principles upon which the eight-square theorem 
depends has been made public ; nor has any intimation been as yet given, as to 
whether the proposition terminates here, or may be extended indefinitely. It was 
the author’s original impression that such an indefinite extension was really prac- 
ticable ; and such, he has reason to believe, was the prevailing opinion with those 
to whom Mr. Graves’s results had been made known. It is probable, therefore, 
that the principal point of interest—perhaps the only point of interest—which the 
present paper offers, is that which sets all conjecture on this head at rest, by 
showing that the supposed extension is impossible. 

To these introductory remarks it may not be superfluous to add, that the 
demonstration hereafter given, of the impossibility of the sixteen-square form, 
except under special restrictions, adds one more to the very few instances hitherto 
furnished of proving a negative : that is, of showing that a proposition, the 
affirmative of which would fully harmonize with pre-established truths, and actu- 
ally involve them in its expression, is, nevertheless, impossible. In modern 
times, the most remarkable specimen of a proof of this kind is that which has 
been offered by Abel and Hamilton, in their researches respecting general for- 
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mule for the solution of equations of the fifth degree. And it seems to be not 
undeserving of a passing notice that, as regards this latter important inquiry, as 
well as in reference to the more humble researches of this paper, ordinary arith- 
metic is found adequate to accomplish what is inherently impossible in algebraic 
symbols, whenever, by giving to those symbols a numerical interpretation, they 
are brought under the laws and operations of that science. All equations with 
numerical coefficients and numerical roots, may be solved by processes purely 
arithmetical; and, in like manner, the sixteen-square integral formula is always 
attainable, when the proposed factors are themselves composed of imtegral square 
numbers. This will at once appear from considering that, whatever be the pro- 
duct of these two sets of sixteen, we may separate it into four numerical parcels; 
and that each of these may be replaced by the sum of four squares.* Writings 
devoted to the theory of numbers are, in general, as much occupied with the 
relations, identities, decompositions, &c., of algebraical expressions as with those of 
pure numbers ; and I cannot help thinking that greater explicitness and preci- 
sion would be given to such writings, if the terms algebraic integer and numeri- 
cal integer were employed in their proper distinctive senses. A similar remark 
applies to the term fwnction, which, in some cases, may mean an algebraic or 
a purely symbolical function; and, in other cases, a strictly numerical function. 
The roots of an equation are functions of its coefficients, and, therefore, it has 
been inferred that the former are algebraically expressible in terms of the latter. 
The researches above adverted to have proved that this inference has been hastily 
made ; yet the nwmerical expressions for the roots, by aid of the coefficients,— 
whenever the case is brought within the limits of arithmetic,—are always attain- 
able. 

These preliminary observations will, I trust, not be considered as irrelevant; 
for I am anxious that it should be understood, throughout the following investi- 
gations, that the relations and identities discussed are purely algebraic, and thus 
admit of the widest interpretation ; and that when a property or relation is said 
not to have place, or to fail, it is to be understood that the algebraic conditions 
are not fulfilled in all their generality; and not that the analogous property may 
not hold in arithmetical integers. The integers spoken of here refer always to 
algebraic forms, and, of course, include those of arithmetic. 


* Legendre, Théorie des Nombres, p. 202. 
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In instituting an inquiry into the practicability of generalizing the above- 
mentioned theorem of Euler, the first thing that presents itself to the mind 1s, that, 
if the supposed generalization of the theorem existed, it is reasonable to expect 
that something like a uniform law would be observed to prevail among the com- 
ponent terms of the products in the known particular cases; which law might 
serve to suggest the anticipated extension. Let us, then, examine into the con- 
stitution of these products, in the established forms for two and for four squares. 
These products are respectively 

FEMS +A) = (Wl $2 (ye! — ay) 
and 
(wet a? ty?P+2°)(w+ePr+y4+2) = (ww + 00 + yy +22/P + 
(wa! — xw' + yz’ —2y') + 
(wy — yw! + ev’ — x2’) + 
(we! — zw’ + ay’ — yz’). 

In the first of these cases we may observe, that the roots of the resulting 

squares arise from multiplying the roots of the original squares, as follows : 
Yaak 
y te 


yy! ae 
yz — zy or zy’ — yz’, 
the signs being made alternate in the second row. In like manner, as respects 
the resulting squares in the other case, the roots of these also are constructed 
from those of the original squares, in a way so analogous as to furnish indications 
of a general principle ; thus, 
wai ty +2 
w+u+y +2 


wu + va! + yy! +22! 
wa’ — cw! + yz’ — zy’ 
wy’ — yw! + zu! — x2! 
we’ — zw’ + ary’ — yx’, 


in which construction it will be perceived that, guided by the operation in the 
first case, we commence with the symmetrically situated pairs, 
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we +a',w+a,andy’+7,y+2; 


then proceed to the symmetrically placed pairs, 


w+ty,wt+y,anda’+ 7,242; 
and finally to the remaining symmetrical pairs, 
w+2,w+z,and a’ +y,r4+y; 
it being observed, in reference to the last four of these pairs, that the first row 
of results are exhibited in the leading row of the complete form. 
Still submitting to the guidance of the same principle of construction, and 
proceeding to the case of eight squares, the following results present themselves : 
s+ 4+wv+v’4+w4+e4+yt+ 2 
Ste ieee we hl y Elz 


ss) ttt +-uu' + v0! + ww’ + re’ + yy +22 (s’”) 
st — ts’ + uv’ — vu’ + wa’ — rw! + y2' — 2/ (t”) 
su’ —us’ + 0t — te + yw! — wy + 42! — 28 (u’’) 
su’ — vs’ + tu’ — ul’ + we! — zw’ + xy — yr’ (v’) 
sw’ — ws’ + xt — te’ + uy! — yu 42! — v2’ (w’’) 
sa’ — as’ + tw’ — wt! + yr!’ — vy! +2 — uZ (2’) 
sy’ — ys’ + 2t — tz’ + uw — uw!’ +02 — av’ (y’’) 
sz’ — zs’ + ty’ — yt’ + ow’ — we! + usr! — xu’. Ge) 
Now, just as, in the former case, we commenced the rows in order with 
w+2z,w + y, and w + 2, in succession, so here we begin with s +¢+ u + v, 
stitw-+a,ands+t+y-+ =z, in succession. 


When these several sets of four are disposed of, agreeably to the above general 


form for fours, then the set of four which remains, after the imagined suppression 
of these, is at each step to be treated in the same way. And whether we are to 
take the several rows of these second sets of results with the same signs that they 
have in the pre-established form for four, or with all the signs in any one of 
those rows changed,—which is, of course, allowable, without any violation of that 
form,—is to be determined by this circumstance, viz.: we are to take care that 
the two consecutive binomials, or pairs of results, in each row for eight, all con- 
form to the general model for four. Attending to this arrangement, the conse- 
cutive pairs of binomials in any row, as in the fifth, for example, 
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sw! — ws! 4>at) — ty’ 

at) — ta’ + uy! — yu 

uy — yu + zv' — v2, 
all conform to the previously established model for four, and harmonize with the 
other binomials in which the same quantities occur. At present, this arrange- 
ment may be regarded simply as matter of observation : there is, indeed, a confor- 
mity to the model still more general than this, and which we shall find to be equally 
essential to the accuracy of the eight-square formula; it will be more distinctly 
adverted to presently: but as the additional conformity here hinted at is a spon- 
taneous result of that stipulated for above, no cautionary precepts, beyond those 
now mentioned, are necessary for the actual construction of the eight-square for- 
mula. 

It was at this stage of the investigation that the writer of the present com- 
munication, abandoning all further attempts at practically applying the principles 
that had thus led him to correct constructions of the four-square and eight-square 
formule, resorted to theoretical considerations and abstract general reasonings, 
to prove that the laws of construction, thus far found to be successful, must 
necessarily prevail in the sixteen-square and subsequent forms. He conceived 
that when the sixteen rows of combinations,—each dashed quantity being com- 
bined with an undashed one, as in the preceding cases,—were written down 
without any intervening signs, and which would involve little or no trouble :—he 
conceived that it was always possible afterwards to introduce such an arrangement 
of signs as to bring about the conformity here alluded to. And it was not till 
after the expenditure of much time, and the trial of every arrangement that gave 
any promise of success in the case of sixteen squares, that he was led to suspect 
the applicability of the assumed principle beyond the eight-square form already 
attained; and thence to the demonstration of its utter failure beyond that 
limit. 

Before entering upon this demonstration, it may be well to verify, by actual 
development, the expression for the product of eight squares already given; not 
that such development is absolutely necessary for the purpose of verification, 
for, as will shortly be noticed, abundant proof of the accuracy of the formula 
may be derived from a simple inspection of its component terms; but it will be 
found convenient, in showing the impossibility of the sixteen-square form, to 
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have the form for eight squares already developed in full. The following seems 
to be the easiest way of writing out the developments in question : 


(ss’ + dt! + uw’ + ov! + ww’ 4+ re’ + yy +27) = 
(ss’)? + 2ss‘(tt + uu! + vo! + ww! 4 va’ + yy’ + 22’) 

+ (tt)? + 2tt (uu! + vv! + wo! + wa! + yy! + 22’) 

+ (uu')? + 2uu' (vv! + wo! + va’ + yy! + 22’ 

+ (vv')? + 2vv'(wo! + wa’ + yy! + 22’ 

+ (ww') + 2wu! (av! + yy! + 22 

+ (a)? + 2are'(yy! + 22’ 

+ (yy) + 2yy"(22’) 

+ (22’)*. 


(st! — ts’ + wo! — vu’ + wa! — aw! + ye — 2 P= 
( st’)? + 2st’(— ts’ + wv! — vu’ + wa’! — aw! + yx — zy’) 
+ (ts’)? — 2ts'(uv’ — vu! + wa! — vw! + yz’ — zy’) 
+ (uv)? + Quv'(— vu! + we! — rw! + yz — zy’) 
+ (vu’)? — 2vu' (wa! — rw! + yz — zy’) 
+ (we P + Qwe'(— ew’ + yz! — zy’) 
+ (xw')? — 2aw'(y2! — zy’) 
+ (yz)? + 2yz!(— 4) 
+ (zy')’. 


(su’ — us’ + vt! — to’ + yw’ — wy + 22’ — zr’ P= 
(sze’)? 4 Qse!(— us’ + vt’ — to’ + yw! — wy! + az — 22’) 

+ (us')? — 2us'(vt! — to’ + yw! — wy! + az’ — za’) 

+ (vt)? + 2vt!(— te’ + yw! — wy! + xz’ — zz’) 

+ (tv)? — 2te' (yw! — wy’ + x2 — 22’) 

+ (yw')? + 2yw'(— wy! + x2! — 22") 

+ (wy!) — 2uy!(w2! — za’) 

+ (x2')? + 247 (— 22’) 

+ (20) 
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(sv! — vs! + tu’ — ut! + wz! — zw + ay — yr’) = 
(sv’)? + 2sv'(— vs! tu’ — ul + we! — zw! + ay’ — yx’) 

+. (vs’)? — 2vs' (tu! — ut! + w2! — 2w' + ay! — yx ) 

4 (tu’)® + 2tu!(— ut! + we! — cw’ + ay! — ys’) 

+ (ut')? — Qué! (we! — 2w' + ay! — yx’) 

+ (w2!)? + Qwa!(— zw’ + ary’ — yx’) 

+ (zw’)? — Qzw'(ay’ — yx’) 

+ (ay') + 2ay'(— yx’) 

+ (y2’)’. 


(sw — ws! + at — ta! + uy! — yw + 20' — v2) = 
(sw! )? + 2sw' (— ws! + at! — ta’ + wy! — yu + 20" — vz’) 

+ (ws!)? — Qws' (at — ta’ + uy’ — yu! + zv' — v2") 

+ (at’)? + Qrt!(— ta’ + uy’ — yu! + zv' — v2’) 

+ (tx’)? — 2ta’(uy’ — yu' + zv' — v2") 

+ (uy')? + 2uy'(— yu! + 20! — v2") 

+ (yu! )* — Qyu'(zv" — v2") 

+ (2v')? + 220'( — v2’) 

+ (v2'). 


(sa! — as! + to’ — wt! + yo! — vy! + zu — uP = 
(sa’)? + 2sa’(— as’ + to’ — wt! + yo! — vy! 4+ zu! — uz’) 

+ (as'P — Qas'(tw'! — wt! + yo’ — vy! + 2’ — uz’) 

+ (tw’)? + 2tw'(— wt! + yo' — vy! + 2’ — uz’) 

+ (wt’)? — Qwt! (yo! — vy! + zu! — uz’) 

+ (yo')? + Qyv'(— vy! + zu! — wz’) 

+ (vy) — 2vy' (eu! — ue’) 

+ (zu')? + 22u'(— uz’) 

+ (u2'). 
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(sy! — ys’ + at! — te +0’ — ww! +00’ — xv’) = 
(sy)? + 2sy'(— ys’ + et’ — te’ + wu! — uw’ + va’ — xv’) 

+ (ys)? — 2ys'(2t — te’ + wu! — uw’ + v2’ — a0’) 

+ (2t’)? + 22t!( —te’ + wu’ — uw’ + v2’ — av’) 

+ (t2’)? — 2te' (wu! — uw’ + va! — xv’) 

+ (wu')* + 2wu'(— uw! + ve’ — xv’) 

+ (uw') — Quv'(ve' — xv’) 

+ (v2') + 2va'(— xv’) 

+ (av!) 


(se — 2s’ + ty’ — yt’ + vw! — wo! + uz’ — vu’ = 
(s2’)? 4+ Qsz/(— 2s + ty! — yt! + vw! — we! + uz’ — 2’) 
+ (2s')? — 2es'(ty’ — yt! + vw’ — we’ + ux! — au’) 
+ (ty P+ 2ty'(— yt! + vw! — wo! + ua! — ew’) 
+ (yt)? — 2yt (vw! — we’ + ur’ — ru’) 
+ (ow? + 2vw'( — we! 4+ ur’ — ru’) 
+ (we')* — 2wv'(ux’ — ru’) 
+ (ux) + 2ux’(— ru’) 
+ (2u')’. 


Now, the double products in all these groups will be found to cancel. We 
may readily satisfy ourselves of this as follows. Commencing with the first set 
of double products, let there be written beneath the successive terms within the 
vincula the numbers 1, 2, 3, &c., in order, up to the number 28, which will fall 
beneath the term zz’, in the last vinculum: then, upon searching among the 
other groups, twenty-eight terms will be found to cancel these. Now, let the 
gaps in the second group be filled up by continuing the numbers inserted in 
the first, seeking, however, at every new insertion, for the proper neutralizing 
term among the succeeding groups; under which term, when found, the same 
number is to be written. In this way, continuing to fill up the chasms in the 
several groups, one after another, all the cancelling terms may easily be disco- 
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vered; and, by having thus marked each pair with the same number, the means 
of readily revising the comparisons will be secured. The result will be, that all 
the terms, except the vertical rows of squares, will disappear from the develop- 
ments ; and it is obvious that these squares, sixty-four in number, constitute the 
product of those originally proposed : therefore, 


(s $e? fut fot fw? $a? $y? +2) x 
(2? +@ 4+vU 4ev4+uv4+r7 47 47)= 
(Se + !” + ul” + vy”? + mw! + gz!” +y'? + ze) 
or, as the theorem may be more concisely expressed, 
3,(0) X %( 0’ = 2,( 0”). 

Although the complete verification of this theorem has been actually exhi- 
bited as above, yet, as before briefly noticed, such verification was not absolutely 
necessary in order to produce confidence in the truth of the proposition. We 
have only to contemplate the internal constitution of the eight rows in the eight- 
square form here presented, in order to perceive that the conclusion just arrived 
at is a necessary consequence of that constitution. For, upon examining that 
form more minutely, we find that not only do the consecutive pairs of binomials 
in every row conform to the four-square model,—a degree of conformity which, 
as before observed, it is essential to secure,—but further, that in each row every 
pair of binomials, whether consecutive or not, involves two sets of four letters, 
such that if all the other letters in the entire form be suppressed, or be replaced 
by so many zeros, the model for four squares will be complied with by the 
remaining expressions. Now, as in every set of such remaining expressions the 
double products, furnished by development as above, would, as we know from 
the property of the four-square formula, cancel one another, it necessarily follows 
that the double products supplied by each of the eight rows of the preceding 
form must be cancelled by like double products arismg from the other rows. It 
is solely because of this uniform agreement with the four-square model, when the 
quantities which compose a pair of binomials in any row are throughout supposed 
to be zero, that the eight-square form is admissible ; for it is obvious that, if by 
means of these zeros any reduction of the advanced to the inferior form presented 
results not in conformity with the model for that inferior form, the double pro- 
ducts furnished by such results could not cancel. 
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When once we are satisfied as to the existence of the eight-square form, we 
need not keep the above considerations constantly before us in the actual con- 
struction of it. After the first four rows are determined, the four that are to 
follow may be readily derived from them, by aid of the property that the like 
products are to cancel. ‘Thus: having resolved to keep the leading signs plus, 
we commence the four rows, to be deduced from those above, with sw’, sx’, sy’, 
sz’, respectively; and, guided by the before-mentioned property, we annex to 
these, with the minus sign, the combinations ws’, xs’, ys’, zs’. To determine 
the sign of xt’, we refer to the combinations s¢’, zw’, in the second row; and as 
these give a minus product, we write down .t’ plus ; so that the product of sw’, 
at’, in the row now in course of formation, may cancel the like product above : 
and by proceeding in this manner, all the wanting rows may be easily completed, 
each term that we insert suggesting the adjacent term. We thus see, when any 
formula of this kind actually exists, how the lower half of it may be deduced from 
the upper, without any further recurrence to a pre-established model. This is a 
circumstance worthy of note, as well as the following particulars respecting the 
several rows : 

1. The same letter is never repeated in the same row. 

2. The same combination of two letters is never repeated throughout the 
group of rows; and, consequently, the same product of two combinations can 
occur only twice. 

3. In any row, the signs of any consecutive combinations, separated by the 
sign minus, may be interchanged without causing any departure from the pre- 
ceding model : for such interchange of signs is merely equivalent to an inter- 
change of places between the two dashed quantities entering the pair, and 
between the two undashed quantities; or it may be regarded as arising from 
making a letter in each of the two combinations negative, as we are, of course, 
at liberty to do, since the signs of the roots of the proposed squares,—and it is 
with these roots we are dealing,—are arbitrary. It must be observed, however, 
that these changes or mterchanges, when made at all, must be made in every 
place where the letters concerned occur, otherwise conformity to the model will 
be destroyed. 

4. It is thus obvious that the four-square and eight-square models admit of a 
great variety of apparently different forms. In each case, however, it is plain 
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that any one of these varieties, by suitable changes, such as those we have now 
mentioned, will supply any other; so that a single variety may be considered as 
virtually involving all the varieties: when the signs of the combinations are once 
so arranged as to cause the double products in the developments above to cancel, 
we may clearly change these signs in any way we please that does not interfere 
with this essential condition. Even after the partial construction of a formula, 
by aid of a previous model, as noticed at page 315, we may obviously intro- 
duce any changes of this kind that we please, provided we take care that 
all the like products, supplied by the partial form, shall still neutralize one 
another, the changes adverted to being, of course, made in obedience to the 
precept (3). We may then proceed to complete the formula in the way already 
explained. 

Keeping these general principles in view, let us now reflect upon the con- 
struction of the sixteen-square formula. If such a construction be possible, we 
shall necessarily arrive at it by operating with sets of eight, under the guidance 
of the eight-square model, in imitation of the proceeding that conducted us to 
this latter formula from that for four. There can be no question that, if the 
supposed form exists, this is the legitimate and only sure path to it; imasmuch as 
we thus provide for the demands of the subordinate form while carrying on the 
construction of that next in advance,—a provision necessary to the correctness 
of the advanced form, since this must coincide with the former when reduced 
to it by the introduction of the proper number of zeros in place of the general 
symbols. 

In this way, then, we shall obtain sixteen rows of products. These products 
will all differ from one another; and, as in the preceding cases, will be those 
which arise from combining all the proposed letters,—a dashed one with an 
undashed one,—in every possible way. And, assuming these combinations to be 
connected together, as in the former cases, by the signs fitted to cause all the 
double products to cancel, we may apply to the completed form, thus imagined, 
the remarks (1), (2), (3), (4), already made with more especial reference to the 
eight-square formula. 

It is in accordance with these general principles and directions, as far, at 
least, as they can be complied with, that the following partial construction has 
been effected ; and which, to the extent to which it has been carried, satisfies the 
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essential condition which it is our object to impress upon the completed form :— 
all the like products furnished by the combinations here exhibited cancel one 
another. If the anticipated form could be completed, then, as we have thus got 
more than half the requisite rows, such completion might now be effected simply 
by aid of these rows, and without any further reference to a guiding model, as 
already sufficiently explained at page 321. But this we shall find to be impossi- 
ble; for although, as just stated, all the like products supplied by the partial 
construction really cancel one another, yet there is inherent in that construction 
a want of conformity with the eight-square model, as respects one of the sets of 
eight involved, which no modifications of signs can remove ; and which, by over- 
ruling the combinations yet to be formed, precludes the cancelling of the like 
products which remain to be compared. This will be clearly seen presently. 


Partial Construction of the sixteen-square Formula. 


+t ¢utvg¢u te ty tts tt ewtvtuteaty +2Z 
stt+utvtut+ertytets tt tutvt+u,tatyt7 


ss’ Ht! uu'+ovv' +ww' aa’ +yy' +22! +8,5) +60 4aul+0 0! +w we! baa ty y +22, 
st’ ts’ +uv'—vu'+wa'! —aw'+yz' —zy’ +s t) ts) +u 0! —v uw a! —a wy 2) —2,y/', 
sul —us' tut! —to’ t+yw! —wy'+02' —ca' +s 0) —10,8' +0 t tv! +00 ' —y wi +20) az, 
sv’ —vs' +tu! —ut! +w2 —2w'+0y! —ye!' +08) —s 0! +t, tu! 40 ,2/, —2w' +a yy 
sw’—ws'+at! ta’ +a’ —yu! +20! —v7 +8 w'—w sia t! tv) ty, —wy) +0 Zz) —2v' 
sa! —as! +tw' —wt! +yv! —vy! +2u! —uz' +8,x/—2 8/4! —w tiv y', —y 0, +,2) —2u' 
sy —ys! +2t! —tz! 40a —av! 4wu'—uw'+y s/—s y' +t,2), —2,t) 40,0" —2 vo! tw ww 
sz’ —2s' +ty! —yt! +0! —wo! +ur’—ru' +s,z/ —z 8' +t,y/, —y ft +w v) —v wi ta ua’ 
ssi —ss4t,t’ tt, +uu'—uu' +vv' 
st, —t,s’ +s’ —s t'+vu/, —w v'4+uv 
su’ —u s'+v t/t! +t" —vt +us' —s u! 
sv, —v s'+tu’ —u t'+s8,v' —vs' +t,u'—ut’.* 


, 
,— 0 
/ 
/ 


4 
—U/u 


Now, it appears from examining these expressions, that, as before remarked, 


* These rows are exhibited complete in the scholium at the end of this paper, where it is shown 
that, under certain conditions, the sixteen-square formula has place. 


mM 
“~ y 
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the object in view is, to a certain extent, accomplished, for all the like products 
cancel one another. If to this we could add that, as far as they go, these same 
expressions agree with the eight-square model, then we might at once conclude 
the existence of the sixteen-square formula, and might actually complete it by 
deducing the wanting rows from those above, without disturbing any of the signs 
of these latter, as already explained at page 321. 

But the semi-row next in order to the last of the above group, as deduced in 
this way from the preceding expressions, is 

su — ws +ut — te + yu — uy, +2 — v2’, 

which implies a discrepancy ; for the product of the combinations tz’, zv/, does 
not cancel the like product furnished by ¢v’, z,2’, in the third row, the signs of 
both products beg minus. We are forced to conclude, therefore, that, not- 
withstanding the cancelling of all the like products in the partial construction 
above, there is, at least, one set of eight which, in that construction, is out of 
keeping with the model ; and it now remains for us to discover this set, and to 
inquire whether it can possibly be brought into conformity with the model, with- 
out such an interference with the existing signs as would cause products which 
already vanish to re-appear. 


If we refer to our eight-square model, and conceive the semi-rows, 

wl +a + y! +2! 

w+rty +2, 
there employed, to be changed into 

wr, ty, + 2, 

wW,+2,+Y, + Zp 
the modified formula will then agree,—as far as the first four rows, which are all 
that are here exhibited,—with the expressions which, in the above scheme, make 
up the commencing and terminating portions of the first four rows, with this im- 
portant difference, namely, that in the terminating portion of the third row the 
signs are the opposites of those required by the model. This, as we shall pre- 
sently see, is the discrepancy already indicated ; and we proceed to show that its 
character is such that it cannot possibly be removed without the mtroduction of 
a similar discrepancy elsewhere ; that is to say, the refractory signs here alluded 
to cannot be brought into conformity with the law of the model,—as they must 
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be before the products furnished by the particular set of eight now considered 
can cancel,—without introducing discord among other sets of eight, at present 
in harmony with that model, and thus causing products to re-appear which now 
cancel. 

In order to this, we may observe that there are only two different ways of 
proceeding, by which the required modification of the signs of 

wy’ — Ye, an 2m, Pa xZ, 
can be brought about ; first, by supposing two pairs of letters in the expression 
to be minus, as w, w/, and x, x’, or z, 2,5 or, instead of w, w’, taking y’, y', 
with either of the latter pairs; and, secondly, by changing all the signs in the 
semi-row, 
su — us, +oft —tr + wy) -— yw +20 — «7'. 

Suppose we attempt to remove the discrepancy in the former of these ways, 
that is, by simply changing the signs of w,, w’, and x, x’, or Z, 2’. 

If we make no further changes, conformity to the model, for the before-men- 
tioned set of eight, will unquestionably be brought about ; but in order to pre- 
serve the conformity which already exists for the set, 

stt pu tutu tae ty +2, 
§ +t,+u,+v,+w,+4,+Y, + Zp, 
these same changes of signs must also be made in the rows which precede and 
follow the third in the above scheme : but these changes in the other rows intro- 
duce the discrepancy into the first-mentioned set, or rather merely transfer it to 
the neighbouring row in that set. Of course, changing the signs of any quanti- 
ties, throughout any of these formule, can never interfere with any conformity 
or want of conformity to a model that might exist before these changes were 
made. Again, if we attempt the correction by changing all the signs in the 
semi-row, 
su, —us, tut —tv + wy, — yw, +24 — £2Z', 

leaving the other signs unaltered, the desired conformity will also in this way be 
brought about ; and we shall, at the same time, escape the dilemma in which the 
former mode of proceeding placed us; for the second-mentioned set of eight will 
still preserve its conformity to the model, inasmuch as the changing of the signs 
of an entire row can never disturb such conformity. But here again disagree- 
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ment is introduced in another place, for the semi-row commencing with ss’ 
would then be 

ss) — ss + tf’ — tt + uw, — uw + vv’, — 07, 
so that the product of the combinations ¢¢’, w,w’, would no longer cancel the pro- 
duct of tw’, wt, furnished by the fourth row; and thus, as before, the removal 
of one discrepancy necessitates the introduction of another. 

It is this discrepancy, as respects the last four signs in the third row above, 
that causes the signs in the semi-row mentioned at page 324, viz. : 

sw, — ws + af — ta + yw — uy +z — v2, 
and which were in part deduced from them, to involve error; an error which, as 
we have seen, cannot possibly be removed without introducing a like error else- 
where. 

Hence, the sixteen-square formula is, in general, impossible ; and from this 
it follows that the thirty-two square form is also impossible, and so on. For if 
the form for thirty-two had place, then, by reducing these thirty-two to sixteen, 
by employing zeros instead of the remaining quantities, we should be conducted 
to a correct sixteen-square formula, which has been shown, however, to have no 
existence. 

If it be imagined for a moment that an advanced form might have place, and 
yet the next inferior form not be necessarily furnished by it when the requisite 
squares are assumed to be zero, the impression will be removed by observing 
that when, in the form for four, the two dashed and the two undashed quan- 
tities entering into any of the binomials are throughout made zero, two entire 
rows of that form disappear ; that when, in the form for eight, the four dashed 
and the four undashed quantities entering into a pair of binomials in any row, 
are throughout made zero, four entire rows vanish; and, likewise, in the failing 
form for sixteen, and generally, the necessary constitution of the rows renders 
these evanescences unavoidable. 

It is proper that we make the preceding stipulation as to the zero-quantities 
forming bimomials in the same row; for if they be chosen at random, the above 
conclusion will not necessarily follow. In the eight-square formula, for in- 
stance, if our zero-quantities are not selected in reference to this condition, 
only one row will disappear: thus, if the quantities made zero be s, t, 2, 9, 
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and s‘, ¢’, 2’, y’, the row marked (w”) will be the only row that will vanish. 
We may hence notice, in passing, that four squares multiplied by four squares 
may be made to produce seven squares ; but not, in general, either six squares 
or five. 

We shall only further remind the reader that, when any formula of the kind 
here discussed actually exists, and that we have partially constructed it, to an 
extent however limited, in strict conformity to the subordinate model, that con- 
struction must be correct as far as it goes; and must admit of completion with- 
out disturbing the signs in the partial form. Whenever, therefore, such com- 
pletion is shown to be impossible, we may infer that the supposed form has no 
existence ; and from this consideration, by first excluding the four combinations 
here shown to be refractory from the above group, we may arrive, somewhat 
differently, at the conclusion already deduced. We shall again advert to this 
presently. 

Returning now to the four-square and eight-square formule, we may make 
the following inferences, viz. : 

1. Certain coefficients may be introduced in connexion with the original 
squares, which coefficients will reappear in the corresponding squares of the pro- 
duct. This will readily be seen by taking the case of four squares with the 
suitable coefficients, 

w+ Vb. +Ve.y + V (be). 2 
w+vVb.c +Vveo.y + ¥(be).z 


ww’ + bra!’ + cyy’ + bez’ =v" 
Vb(w2!’ — rw’ + czy — cyz’) = Vb.2" 
Ve(wy — yw’ + bza’ — bre’) = Ve.y” 
V (be)(we’ — zw’ + xy’ — yx’) = V (be). 2", 
which shows, as indeed was before proved by Lagrange, that the product of 
(w? + bx? + cy”? + bez?) 
and 
(w? + ba’? + cy* + bez’) 
is of the same form as each of the factors; that is 
(w” + br”? + cy”? + bez?) (w? + ba? + cy? + bez’) =u"? + ba’? + cy!” + be2”. 
VOL. XXI. 2x 
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And from the construction of the eight-square formula, it is further evident that 
the product 

(s? + bt? + cu”? + bev? + bew”? + cr? + by? + 2°) Xx 

(s? + b? + cw + bev’? + bew? + cx’ + by + 2)= 

(8? + bt!’?+ eu’? + bev’? + bew'? + ca!” + by’? + 2!) ; 
that is, it is of the same form as the original factors. 

2. If c= 0’, then each of these factors is of the form 
S400 +0 w+ bv + Bw + bx? + by? + 2. 
But of this same form also is 
Si + at; + au; + av; + aw; + war + aly; + a’zi, 
inasmuch as this is convertible into 
s+ at? + au; + av; + a'(a2’)l + a(ay,) + a(az,)’ + (a’w,)*. 

Hence the product continues to be of the same form as each of the factors, when 
the coefficients a°, a', a’, a*, &c., are introduced in order, in connexion with the 
squares entering those factors. And it is plain that a may be either positive or 
negative, real or imaginary. 

3. If a be equal to —1, the factors will consist of squares alternately positive 
and negative: therefore, the squares in the product will also be alternately 
positive and negative. Consequently, the difference of two squares, multiplied 
by the difference of two squares, will produce the difference of two squares : 
the sum of two squares minus the sum of two squares, multiplied by the sum 
of two squares minus the sum of two squares, will produce the sum of two 
squares minus the sum of two squares: and the sum of four squares minus the 
sum of four squares, will produce the sum of four squares minus the sum of four 
squares. 

4. If in the forms for four and eight we make a pair, or any number of pairs, of 
like letters negative, itis plain that the first row of results will remain unchanged, 
while the other rows (unless the changes of signs adverted to extend to all the 
letters) will undergo alterations; yet, from the modular property still having 
place, it follows that the sum of the squares of these other rows will continue 
invariable, and thus we shall get different forms for the sum of three squares 
and for the sum of seven squares; these sums being all equivalent, although the 
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individual squares differ. And similar results have place, when the coefficients 
hitherto used in connexion with these individual squares are introduced. In like 
manner, if we make any one or more of the letters in the original factors nega- 
tive, the form we shall thus get will be such, that the sum of the squares of the 
rows, omitting the first row, will always be identical to the sum of the squares 
of the same rows, when pairs of like letters—any whatever—are made negative 
as before. 

5. If we refer to the four-square form, and, omitting the first row of 
results, multiply the binomials in each of the three remaining rows together, the 
sum of the three products thus obtained will always be zero, whatever variety of 
the general form we use. This will appear from observing that the monomial 
products furnished by these binomial factors, are all unlike those furnished by 
the square of the omitted first row; so that they must be such as to cancel one 
another, and thus cause the entire aggregate of the results to be zero. 

6. Similar conclusions apply to the eight-square form: thus, if we represent 
the four binomials in the second row of that form by ¢;’, #)’, t/’, t{/; those in the 
next row by 2)’, w;’, U3, U;; and so on to the last row, 21’, 24’, 24’, 2//; we shall 
have the property, 

b(t) + ty + ty’) + cAC +t!) + tty 
bea al ea a) + al ea) a 


+ zi’ Za. + 24! + 21) + 25/(2y + an) + as 
And if we represent the several rows here written by the single symbols 7, v, 


y,....Z, and regard } and e¢ to be involved in them, as already shown in the 
general form, it is equally true that 


bt + cu + bev + bew + cx + bY + Z=0. 


7. Lastly, if we call the first row of results s, it further follows, from these 
latter inferences, that the product of the original squares will be represented 
by 

S$ 7 eter tO te Bab tb oe + 22, 
so that, omitting s*, we see that the sum of the squares fe all ee rows, after the 
first, is equal to the sum of the squares of all the binomials which compose those 
Qexe2 
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rows, as may also be inferred from the researches of Cauchy, hereafter men- 


tioned. 
It is proper to state, that the inferences marked (5), (6), (7), are analo- 


gous to, and were suggested by those of Sir William R. Hamilton, at pages 60 
and 68* of his “ Researches respecting Quaternions,” in the present Part of 
the Transactions; with a copy of which Researches I was favoured while the 
communication now before the reader (the above-mentioned articles excepted) 
was in the hands of the Academy. 

8. To these inferences we may add that three squares, multiplied by three 
squares, will produce three squares, provided a square in one factor have to a 
square in the other the same ratio that a second square in the former has to a 
second in the latter; for, in this case, as it is easy to see, an entire row of com- 
binations will disappear from the four-square form.f Similarly for seven 
squares, if three such equal ratios occur. And we may readily ascertain the cor- 
responding conditions for six and five. But the consequences of particular 
hypotheses of this kind will be more fully noticed in the following supplemen- 


tary observations. 


* Pages 258 and 266 of Vol. XXI., Part 2. 

+ The sum of three squares, multiplied by the sum of three squares, will also produce the 
sum of three squares, provided the factors be so related that the first row of results in the four- 
square construction vanish. This relation is furnished by the co-ordinates of the extremities of a 
system of semi-conjugates in an ellipsoid. * 

For, denoting these extremities by (2’, y’, 2’), (2” y!s 2"), (@””, y!”, 2”), it is a known pro- 
perty of the surface that 
(y” + afte + yl?) (2? + a? + zr) = (aly”’ — a2ly') + (a’'y!” — wivel)e + (aly! al ALP Foe 
and, consequently, from our four-square form, we must have 

; ‘ aly! + aityl! + ery! 
and similarly 
ala! 4 alle! 4. wl"2" = 0, 
and 
yz! + yz! + U0 = 
and thus is suggested a neat way of deriving several properties of the surface. But geometrical 
application is not our object in the present paper. 

[In the proof of this sheet I think it right to add, that these three equations are otherwise 
obtained by Mr. Weddle, in a paper on the Ellipsoid, published in the Cambridge Mathematical 
Journal for January, 1847, but not seen by me till my copy was in the hands of the printer. ] 
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SCHOLIA. 


1. Throughout the general reasonings in the foregoing discussion, we have 
considered the squares which enter one of the proposed factors to be different in 
value from those which enter the other. When, however, this is not the case, 
and the two factors are identical, it may be proper here to observe that, in using 
any of the preceding formule for the product, one, at least, of the root-quantities 
furnished by the multiplier, or one of those furnished by the multiplicand, must 
be taken with the minus sign; otherwise, in the product, only the first row of 
the results will be significant ; and thus no decomposition of the proposed square 
will be obtained. But there is no need for any model formula in this case; for 
it is pretty obvious that the square of a polynomial, formed by the sum of any 
number of squares, may be expressed by a polynomial of the same number of 
squares, without any limitation : thus, 

(3 aE a ER VS 
(@ji— 23 +434+454+ .... +0,)?+(22,0,) + (22,0,)? + (24,0,) + .... +(20,0,)?. 
The same thing evidently holds when the factors, instead of being identical, are 
such, that the several squares in the one have the same common ratio to those 
in the other. And formule might be determined, of like generality with this, 
which would exhibit the product when only a partial number of these ratios are 
equal. 

For instance, the product of sixteen squares by sixteen, will be expressed by 
the sum of the squares of the sixteen rows of combinations which follow ;_ pro- 
vided there exist these eight equal ratios, viz. : 


OLDE NTE en: 


Sw Cig 2s cai Up OE a (1), 
among the proposed quantities, 
(874¢? 40? eye 8 Ee ey 4 2)”) \ (2) 
(8° + 400? +0? +0? +2? +y" +2° +87 +0 40 +0? 40? +07 ty) +27) fo 
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Expressions, of which the Sum of the Squares is equal to the Product of the 
Factors (2), when the Conditions (1) have place. 


/ 
ss’ tt! +uu'+ov! +w' an’ +yy' +22’ +8,8) 40 tui po vi ww! +a a) 4 y+2 2, 
1 / 7. 1 tf ‘ 
st! —ts’ +-uv'—vu'+we'—aw'+y7 —zy' +s t, —ts) +u,v) —v u/s a) —a wi sy 2), —2Y, 
tl = af; ‘ / at ane) eo 
su’ —us' +ot! —te’ +yw! —wy'+02' —2a' +s) —u,s' 40 ft, tv) +0 y) yw Ac 0), —2 27, 
/ 
su’ —vs' +tu! —ut! 4w2' —2zu’+a2y' —ya! 40,8) —s,v) +t) tu! wz’, —2wi +o y'-y 2", 
/ 7 2 ate Uy / / , vA banal 
sw!—ws'+at’ —ta’ +uy’ —yu! +20! v7 +8 ,wi—w,s'+a t) ta) ty ui, uy) +0 2) —2v, 
/ : U / / pal, / 
sa! —as! +t! —wt! +yv' —vy! +2u! —uz! +8 2'—2 8/4 wi —w tiv y’, —yv, 44,2, —zu 
sy —ys! +t! te! +02’ —xv! +wu'—uw'+ys\—s y’ +42) —2 ti 40,0) —a vl + uw 
. 1 de / / U ! a7, ie ee hte pia ag ate Qo ’ 
sz’ —2s' +ty! —yt! +0! —wo' ua’ —xu' +82) —2,8) +t), yt wv), 0 we 2 
ss —ss'4tt! tt, +uu!—uu' +v0'—0 v'4+u'w wu +a 2’ —an'+yy, yy! +22 —22’, 
wv 1 / / ’ / t 
st, ts’ +ts’ —s t! ou! —wv'--uv')—0 +a —2 ww 2! —aw' sy 2! —2y’, +2y' -yZ 
5 ‘ 
su’ —u,s'+0 t/t! +t! —vt!, +us’) —su'+-wy'—y o'+2 0 a7’, +20", —a 2! +yw' wy 
1 / J / ‘ (ae Oe a 7 ‘ 
sv’ —v stu’ —w t'+8 0! —vs), 44! —ut! +2 y'—ya', +2 0! -w2' +y 0! —ay! +2! —wz 
Ji ‘ 
sw’ —w,s' +a tte’ +y ju! —uy', +2 02" +s! —sw'+at, ta" +uy! —yu’, +0,2' —20v' 
sar —as'4tw!—w t'+y vo! vy’, uz’ —2 +t owt’, ars), —s x 4u,2' —cu’, +yv' —v,y' 
/ / / / / / / 
sy, —y8' +2,t! tz’, +0a'—a2 '+uw'—wy' +200", —v a'4+u'—wu'+et) —t2' +8,y' -ys' 
se’ —z,s' +ty’ -y t'+0u' 0 v'+a ul —ua' wr’ —0 w'+au! —ua' +28, —s2' +yt) —ty 


Since, in virtue of the conditions (1), the semi-row commencing with s/f’, 
and the six semi-rows which follow it, all vanish, they should be expunged from 
the above form, after they have subserved the purpose of facilitating the con- 
struction of the lower rows, agreeably to the directions at page 321. 

Dismissing, then, these zero-binomials as superfluous, we shall find all the 
double products, arising from the development of the squares of the sixteen rows 
of combinations, to disappear, like as in the forms before established. Those 
products whose like occur in the group here supposed to be expunged, will be 
cancelled by equal products in the group retained: these latter products, though 
not like, being equivalent in virtue of the assumed conditions (1) above. And 
it may be further observed that, after the suppression here recommended, the 
present form may be employed, instead of the more abridged one at page 323, 
to prove the general impossibility of the sixteen-square theorem ; for it may 
be readily shown, in a manner analogous to that there adopted, that the chasm 
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thus left cannot be filled up so as to satisfy the conditions necessary to the exis- 
tence of the theorem in its general form. 

2. If we glance at the developments exhibited at length for the eight-square 
form, or contemplate the leading binomials in the several rows of that above, we 
shall immediately perceive that the squares of these leading binomials furnish all 
the double products which cancel those supplied by the square of the first row of 
combinations ; and that such must always be the case whatever number of squares 
enter the original factors. We infer, therefore, that 


(ait apt+ajt----+75) (YitMetyst----Yn)= 
(2yY tyr oey s+ pspes, +L nYn) (Li Ys— of) H(LYs-Bey, ) + she HLyYn—Tny)) +P» 
where Pp, is some function of the combinations, into which, however, neither «, 
nor ¥, can enter, or, at least, can enter only to be mutually neutralized, since all 
the combinations involving these are evidently implied in the other terms. 
Suppose, now, that 2,=0, and y,=0; then, similarly, 
(a+ajtait....4+0,) (W+ystyit----+y¥,)= 
(LY OY AD Yh oo ALY a) +( LoL Yo) (LY 52 Yo PH «LY nnn) TP + 
But, on the same supposition, the preceding equation gives, for the first member 
of this, the value 
(Yt LYy+ Cyst. 0. -+ Mya) + Pp 
since P, is not affected by the supposition. Hence 
P, = (1243 — LyYo)” + (Loy — LiYo)” ++ «© - + (Len — TnYo)’ + Po 5 
Similarly, 
Py = (LY4— 2yYg) + (C5 — Veg)? He + (Yn — Try)? + Pop 
and so on. And thus, by supposing successively 7,=0, y,=0; 7,=0, y,=0; 
&c., up to 7, =0, y, = 0; we shall arrive at p, =0; so that, returning, by succes- 
sive substitutions, to the original equation, we have finally 
(MAG + Het. ++ Fan) (YF Yet Yat-- + +In)= 
(LY, + Loot LYgt +--+ 4nYn)? + 

(LiY2— 2.) + (MYs— Vsti) +--+ (MYn — Unf) + 

(L2Ys— Uso) + (Leys — LsYo) +--+ + (LoYn — LnYo)? + 

(2 3Ys— Lis)” + (Ys — VY)? ++ s+ (L5Yn— Las) + «+ (LaYn— FnYn)’s 


334 Mr. Youn on an Extension of a Theorem of Euler, 


a formula which has been otherwise established by Cauchy, in his “ Cours 
Diy 
d’ Analyse,” page 455. Cauchy adds, that when —, —, &c., are equal, the second 


member is reduced to its first term. But this is only saying that f(mr)?= 
J( mx). The foregoing equation warrants the inference (7), as already noticed. 

3. Before concluding these researches, the author is desirous of adding a 
word or two on Sir William R. Hamilton’s Quaternions; a subject which, as 
already remarked at the outset, is intimately connected with some of the specu- 


lations in the present paper. 
If we refer to the four rows of combinations to which we have been conducted 


by the forms (w'+/b.a°+ Yc.y/+V(be).2) (w+Vb.c+Ve.y+ Vv (be).z), 
at page 327, we shall perceive that, with the exception of the signs, these combi- 
nations make up the actual product which would arise from multiplying those 
forms together as factors. This circumstance is calculated to suggest the inquiry, 
whether, by imposing certain laws of combination, in reference to the coefficients 
Vb, Yc, Y(be), the rows alluded to might not be made to represent the pro- 
duct, signs and all. Such an inquiry would lead us to the conditions originally 
proposed by Sir William Hamilton; for, changing /b, Yc, (bc), into 7, 7, k, 
we should find that the laws of combination to which these symbols must be sub- 
ject, to produce the desired effect, are those implied in the following relations, 
Viz. : 
?=pP=kh=-1; 
alas Je =o? l= 9)e 
fi=—k; kj=-1; tk=—- 7. 

With these symbols, under these relations, the factors referred to are quater- 
nions ; and we see that the product of two quaternions must produce a quater- 
nion. And this is the fundamental theorem from which Sir William Hamilton 
has deduced so many and such remarkable results. 

If we were to content ourselves with a very narrow and imperfect view of 
the office of the above symbols, we might regard them simply as ingenious con- 
trivances for facilitating the construction of the four-square formula; since, after 
the combinations which make up the product of two quaternions have been 
obtained, conformably to the foregoing relations, we may then change our tem- 
porary symbols back again to their originals, /b, Vc, ¥(bc), and thus easily 
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recover the four-square form, or some variety of that form, should it have 
escaped the memory. In this limited point of view, quaternions would bear 
some analogy, as respects the office performed, to the well-known contrivance of 
Napier for the solution of right-angled spherical triangles. 

But such a temporary and isolated purpose as this is not one to which qua- 
ternions are confined in Sir William Hamilton’s more comprehensive theory of 
these expressions, in which theory they are extensively employed as new and 
permanent instruments of analysis. The laws to which they are subject are, as 
we perceive from the foregoing fundamental and essential relations, altogether 
different from those which govern the operations of common algebra; and, there- 
fore, viewed as a part of common algebra, they could not be admitted. But it 
must be remembered that the symbols 2, 7, &, introduced into this theory, are 
confessedly distinct in meaning from those recognised in the older algebra; and 
are thus governed by laws peculiar to themselves. Everything in the previously 
existing algebra is left undisturbed; there is no ¢mnovation, nor, strictly speak- 
ing, any extension of its hitherto admitted principles : it is rather the addition 
to it of an algebra altogether new. Descartes, by giving a new office to certain 
marks employed in algebra, acquired additional power over symbolical geometry : 
with him the signs + and — were used to denote geometrical position. In Sir 
William Hamilton’s theory, these same signs serve to distinguish a/gebraical 
position, or order of succession ; and, in a product, mark the difference between 
taking one of the factors for a multiplier, and the other,—a distinction for which 
the ordinary algebra does not provide, but which is found to suggest new paths 
of inquiry both in pure and applied science. Carnot opposed the Cartesian 
doctrine from an imperfect view of its peculiar character, and from overlooking 
its avowed stipulations, as the author of this paper has attempted to show else- 
where ;* and it is possible that the theory of quaternions may be regarded with 
suspicion from like causes :—from an imagined discrepancy, namely, between its 
operations and the operations of the common algebra; it being altogether over- 
looked that the quantities peculiar to a quaternion are wholly distinct from those 
hitherto received into algebra, and, therefore, are not necessarily amenable to its 
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laws: in fact, it is their non-subjection to these laws that alone constitutes their 
novelty. But the author of the present paper makes these remarks on the fun- 
damental character of the quaternion symbols with diffidence, lest he should, in 
any degree, obscure what has been so often and so fully explained by the distin- 
guished propounder of the quaternion theory himself. He will merely observe, 
in conclusion, that a form somewhat more general may be given to the original 
quaternion theorem ; for we may write it thus, viz. : 


(w + the + joy + kbez) (w' + tba’ + jey’ + kbez') = 
w! + iba” + yey” + kbez", 
as is evident from the construction at page 327, /b, /c, (bc), being changed 
into b, c, be. 


Norr.—Mr. John T. Graves’s demonstration of the eight-square theorem, 
and which, I believe, has not as yet been published, was, I learn, conducted by 
aid of the quaternion theory, modified by the introduction of certain additional 
imaginary elements :—I believe, four.* Without such additional symbols it would 
seem that the theorem could not be established in this way; as it is not the case that 
the sum of two quaternions, multiplied bythe sum of two quaternions, produces the 
sum of two quaternions. It would be interesting to see the quaternion calculus 
extended to “octaves ;” and it is to be hoped that Mr. Graves may be prevailed 
upon to make his researches on this subject public. They would probably sug- 
gest a generalization of the coefficients b, c, bc, introduced, in the foregoing 
paper, into the eight-square formula; just as the coefficients here adverted to, 
when employed in the form for fours, might have suggested the quaternions, as 
already noticed above. 

The only more general form for these coefficients which occurs to myself, is 


* See additional note at the end of this Paper. 
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that which arises from the introduction of another arbitrary factor into the last 
four terms of each octave ; for such new factor may be introduced without any 
infringement of the modular condition. Thus, 


(s? + bt? + cu’? + bev? + abew® + acx” + aby”? + az’ ) x 
(°° +60 + cw + bev® + abew? + acx®? + aby +az)= 
s+ bt? + cul? + bev’? + abew!”? + aca!” + aby!” + az!” 
in which a, 6, ¢, may be any values whatever. 

In the paper in which Mr. Graves first publicly announced the theorem for 
octaves (Phil. Mag. for April, 1845), a very interesting triplet formula is 
deduced by aid of the new theory of imaginaries. The formula adverted to is 
this, viz. : 

(ax +bay+cy’) (ax? +bx y,+ey') (ax, +ba,y,+ey;) = aaz,t+br,y,+ cy; 

An easy method of obtaining it, independently of that theory, has recently 
occurred to me; and as such independent verifications of the new doctrine, in 
the present stage of its progress, may not be superfluous, I may, perhaps, be 
permitted to offer it here, as a conclusion to this communication. 

It is already known (Barlow’s Theory of Numbers, p. 184), that 

(2° + bry + cy’) (a) + bx y, + cy) = % + bay) + Yer 
in which 
t= «x, — cyy, and y, = xy, + yx, + byy, 
Now, if instead of 0, c, we write a <, then it is plain, from the values of 2, y, 
here exhibited, that, in order to restore the integral character of the factors and 
of the resulting product, we shall have to write 
a(ax* + bry + cy’),(ax, + bry, + cy;) = ax, + bay, + Yo; 
similarly, 
a(ax, + bry + Cys) (AX: + bay, + Cys) = aaj + bay, + CY33 
consequently, 
a(ax’ + bay +cy’) (ax? +bary,+cy;) (ax, +ba,y, +cy;) = ax; +br,y,+ cy; 


Hence, the second member must be divisible by a*; therefore, each of the com- 
2 y 2 
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ponent terms must be divisible by a’; for no part of one term can be cancelled 
by a part of another, on account of the three independent factors, a, b, c ; and, 
further, on account of these factors, 7,y, and y; must each be divisible by a’; 
therefore, y, itself must be divisible by a; and we see, from the first term, that ° 
x, must also be divisible by a. Hence, dividing each member of the equation by 
a, Mr. Graves’s theorem is the result. 

From the foregoing values for 2,, y,, those for x,, y,, may, of course, be 
readily obtained : but they are already given in Mr. Graves’s paper. 


Belfast, August 2, 1847. 


AppirionaL NoTE REFERRED TO IN PAGE 336. 


I am indebted to the courtesy of Sir William Rowan Hamilton for the following 
communication, respecting the researches of John T. Graves, Esq., and for permission to 
append it to the foregoing Paper. It will be seen that I have had no opportunity of 
making any other use of it. 


Note, by Professor Sir W. R. Hamilton, respecting the Researches of 
John T. Graves, Esq. 


‘© You are aware, from the statement made by me to the Royal Irish Academy, on 
the occasion of my presenting your eight-square formula last summer, and published in 
the Proceedings for that evening (June 14, 1847), that my friend, John Graves, had 
previously sent me an equivalent formula, in a letter dated the 26th of December, 1843, 
which reached me before the end of that year. That letter, indeed, having been written 
in haste, upon a journey, contained a few errors of sign; but these were completely cor- 
rected in a shortly subsequent communication, from which the formula in the Proceedings 
has been transcribed. My present object is to mention that J. 1. Graves, to whom I had 
previously communicated my theory of guaternions, was early led, by his extension of 
Euler’s theorem, to conceive an analogous theory of octaves, involving seven distinct ima- 
ginaries, or square roots of negative unity, namely, four new roots, which he denoted by 
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the letters 2, m, n, 0, to be combined with my three letters, 2,7, k, into one common ima- 
ginary or symbolic system. Thus, as I had already (in October and November, 1843) 
communicated to him and to the Academy the fundamental equations of quaternions, 
namely, 


(a) 


S 
I 
= 
S 
a 
1 
= 
=~ 
= 
I 
> 
ae 


which may be concisely summed up in the formula 
Sap Sle aie= ale (b) 
so he proposed to found a theory of octaves on the following equations, 
Pepe Pale Sy ai = Sil, 
@ =jk =lm=on = —kj = —ml= —no, 
J =ki =n =mo=—ik = —nl = —om, 
k=y =lo=nm=—ji =—ol =— mn, 
: | 


=miz=nj =ok =—im=—jn = —kho, (c) 
m=tl =q =kn =—li =—jo =—nk, 
n =jl =i0 =mk=—]j =—oi = —km, 
0 =ni =jmakhl = —in = —mj=—lkh; | 


which he communicated to me, in a letter dated January 4, 1844, and which may be 
concisely expressed by the single but continued equation, 
C= Pa/e=(Pair Sr =o= = | j 
=ijk=ilm =ion=jln=jmo = klo=knm. J (d) 
«© In other words, as I had introduced the consideration of an imaginary triad, or 
ternary cycle of square roots of negative unity, namely, ik, in which each is = the pro- 
duct of the two that follow it in the cyclical succession, ihiyh, if those two factors be taken 
in their order (‘= jk, &c.), but is equal to the negative of that product, if the order of the 
two factors be reversed (t= — hj, &c.); so J. T. Graves extended this view to the consi- 
deration of seven such triads, that is tosay, my triad and six new ones formed on the same 
type, namely, 
ijk, ilm, ion, jln, jmo, klo, knm. (e) 
‘* And as I had shown that, with the equations (a) or (b), the product of two quater- 
nions is a quaternion, 
(w+ ix +jy + hz) (w + ia’ + jy + kz’) 
= w + ia’ + yy’ + hz’, (f) 
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which satisfies the law of the moduli, namely, 


(w? + a? + y? + 2) (w? + a? + 7? + 2”) 
= w+ oe? + y? + 27; (g) 


so my friend Graves pointed out to me, in return, that the product of two octaves is an 
octave which satisfies the same modular law ; or that he could write, consistently with 
his extended definitions, 


(a+ ib +jc + kd + le + mf + ng + oh) | 

x(a + ib 4+ jc + hd’ + le + mf + ng + oh’) (h) 
= a+ ib’ + je’+ kd’ + le’ + mf" + ng’ + oh’; | 

where 
(W@+P +04 PVP +64 fP +9 +h’) | 
X(2 +B? + +d? + e+ Hf? + 9 +h’) b 
= a?4+ 074 674 d7 4+ 674 f7 4+ 97? +h”. j 


(i) 


«‘ And thus he succeeded in connecting his eight-square formula with a theory of 
octaves, as I had already been led from quaternions to a four-square formula, which latter 
formula appears, however, to have been previously discovered by Euler. 

<< It was natural that, when Graves had gone so far, he should entertain the hope of 
extending similar principles to systems of sixteen, and generally of 2™ squares; and, 
accordingly, in his letter of December 26, 1843, he spoke of what he proposed to call 
2m_jons. But he soon afterwards told me that he had met with what he called ‘an unex- 
pected hitch,’ in seeking to extend the law of the moduli to systems of sixteen numbers ; 
and, in a letter of February 3, 1844, he said: ‘I cannot help harping on the strange- 
ness of not being able to arrange the product of two sums of sixteen squares as a sum of 
sixteen rational squares.’ He then proceeded to point out certain cases in which this 
arrangement could be effected, and enclosed me two schemes with that view; and, after 
offering some suggestions respecting the effects of signs and substitutions, he said, ‘it 
ought to be capable of d priori proof that the problem is impossible, ¢fit be so.’ He 
also expressed a wish that I should attempt to furnish a proof of its impossibility. Being 
engaged at the time on other matters, I forbore to make that attempt; and as I believe 
that my friend Graves did not pursue the inquiry, the honour of the a priori investiga- 
tion respecting the products of sums of sixteen squares has been reserved for you. 

«I regret that you did not apply to me to furnish you sooner with a sketch of 
those early researches of my friend, John Graves, which contained other things that 
would have interested you; for instance, a mode of introducing certain arbitrary coeff- 
cients into the eight-square formula, and certain extensions of results from squares to 


with a Determination of the Limit beyond which it fails. 341 


binary products. I hope that he may yet be induced to furnish an account of them to 
the Philosophical Magazine. ‘The present hasty and imperfect sketch will not come to 
your hands till after the last pages of your Paper have passed through those of the 
printers; indeed, as you have authorized me, by anticipation, to send it to press as a 
concluding note to your essay, and as it is desired by the Council of the Academy to 
publish the Second Part of the Twenty-first Volume of the Transactions forthwith, you 
will, perhaps, see it first in print, and will, at all events, have no opportunity of incorpo- 
rating, on the present occasion, any remarks respecting it with your own very interesting 
communication. 
<COW sku av ede 


, “* OpsErvatTory, March 7, 1848. 
“To Professor Young.” 
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1.—On the Age of the Eighteenth Dynasty of Manetho. By the Rev. Epwarp 
Hincxs, D.D. 


Read December 12, 1842. 


IT cannot have escaped the observation of any one who has attended to Egyp- 
tian literature, that a strong disposition has manifested itself, among all Conti- 
nental and many British writers, to ascribe to the monuments and inscriptions 
which come under their notice as great an antiquity as possible. It is to be 
feared, that the disgust, which has been excited by these extravagant pretensions, 
has caused many influential persons to discourage a study which appeared to 
lead to such conclusions; the opposition between which and the Mosaic history 
was in many cases quite obvious. It would seem, however, to be a wiser course 
to encourage persons, who were qualified by their previous studies, and who 
could be depended on as believers in divine revelation, to pursue this branch of 
literature ; in order that they might serve as a check to the vain fancies of un- 
believers. It is not by a general denial of the existence of any knowledge of the 
language, in which the monumental inscriptions are composed, that intelligent 
persons will now be led to discredit the conclusions said to be derived from these 
inscriptions. The main facts respecting the language can no longer be denied 
with any plausibility. In order to refute in a satisfactory manner any erroneous 
statement that may be hazarded, these facts must be assumed as established; and 
the inferences said to be deduced from the monuments must be shown not to be 


legitimate deductions from them. ‘They must be dealt with precisely in the 
A2 
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same manner as a numismatist would deal with the false conclusions which 
another numismatist should pretend to obtain from a newly discovered medal. 

This is the course which I have pursued in the papers which the Academy 
has done me the honour to publish. In that on the Years and Cycles of the an- 
cient Egyptians, I pointed out the fallacy of the arguments derived from the 
hieroglyphical notation of the months, by which M. Biot had sought to fix the in- 
troduction of the wandering year of 365 days at an epoch more than 3000 years 
anterior to our era; and I showed, from that very notation, that it could not 
possibly have been introduced at any other time than the early part of the 
eighteenth century before Christ. I selected the precise year, 1767, from distinct 
considerations, which, though not equally forcible, appear to me to carry with them 
a very high degree of probability. 

In my paper on the Stéle, my main object was to direct the student or pur- 
chaser of Egyptian antiquities to that class of monuments, which would be most 
likely to afford historical information; and to point out criteria, by which the 
relative antiquity of those which were not dated might be determined. But I 
was enabled to introduce into the paper some corrections of certain prevailing 
opinions, the tendency of which was to assign an extravagant antiquity to kings, 
or successions of kings. 

I shewed, in the first place, that no reliance was to be placed on the collection 
of figures of kings, found in a chamber at Karnac, which had been assumed to 
be a genealogical tablet, similar to that of Abydos; and which, having been con- 
nected with this, through the Osortasens and Amenemhés, carried up the line of 
Pharaohs to a very remote epoch from the accession of the eighteenth dynasty. 
I proved from contemporary monuments that the Osortasen succession, as it 
really existed, was different from that said to be indicated by the figures in the 
chamber at Karnac; and, of course, that the latter could be of no authority. 
The so called “‘ Tablet of Karnac” is, in fact, a mere collection of figures of 
kings, who had reigned, or were supposed to have reigned, in the various parts 
of Egypt, and perhaps in Ethiopia, placed together without any regard to order 
of succession. 

I pointed out also the true period at which these kings reigned, to whom the 
most remote antiquity had been assigned by MM. L’Hote and Letronne, on 
the ground of inscriptions bearing their names being found at Karnac, on the 
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reverse of blocks of stone, the fronts of which bear the name of king Horus of 
the eighteenth dynasty. It was assumed by these writers, that these blocks had 
been overthrown by the Hykshos, at the time of their invasion ; and, of course, 
that the kings in question reigned previous to it ; and as ‘the captives on the 
sandals’’ (which had been heretofore supposed to represent the Hykshos, and to 
have been first used on the occasion of their expulsion), appear on the monu- 
ments of these kings, these French writers have imagined, that they had dis- 
covered evidence of another invasion of barbarians, anterior to that of the Hyk- 
shos, of which the legend of Typhon was a memorial. The inconsistency of all 
this with the chronology of the Bible is apparent. In reply to it, I stated, that 
the kings in question were the immediate predecessors of Horus ; or, to speak 
more correctly, were rival kings, who held Thebes in opposition to him for a 
few years, during which the blocks on which their names appear were sculptured. 
One of them, the king whose tomb is in the western valley at Thebes, and of 
whom the name has not yet been deciphered in a satisfactory manner, died ; and 
the other, Amenothph IV., who changed his name to Vach-en-aten, i.e., the 
Adorer of the Sun’s Disk, was at length subdued by Horus, who defaced all his 
monuments, as well as those of his predecessor. ‘Thus the interval between the 
sculpturing of the two faces of these blocks was really a less number of years 
than the French writers have supposed it to be of centuries! Of these state- 
ments I have not given proofs. The evidence which I have collected appears to 
me, however, to amount to a complete demonstration of what I have stated ; and, 
should circumstances permit me to continue my attention to Egyptian literature, 
I hope to lay it before the public, together with some other observations that I 
have made respecting the mode of determining the succession of Egyptian kings. 

In the same paper on the Stéle, I threw out some other suggestions, tending 
to depress the chronological epochs of the dynasties. I stated my belief that 
the kings in the former part of the Tablet of Abydos belonged to the twelfth 
dynasty of Manetho, in place of the sixteenth and seventeenth; the five inter- 
mediate dynasties between that and the eighteenth being contemporary with 
others, or altogether fictitious. I mentioned it too, as a possible supposition, that 
some of the dynasties between the eighteenth and the twenty-second were in like 
manner to be omitted; and that the epoch of the eighteenth dynasty might, 
therefore, be much later than it has been calculated to be on the supposition that 
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all the dynasties, mentioned by Manetho as following it, really reigned in suc- 
cession for the periods which he states. 

What I then mentioned as a possible supposition, I now announce as a 
positive fact. Since I wrote the paper on the Stéle, I applied myself to 
collect the evidence respecting the time at which the eighteenth dynasty flou- 
rished, which might be found in the recorded dates of facts, that were of such 
a nature, that they could only have occurred at particular seasons of the solar 
year. I have been able to obtain three such dates; and they all concur in 
depressing the era of the accession of this dynasty about 365 years below that 
assigned by the continental writers ; because the three facts stated must all have 
occurred about three months earlier than they would have done if this era had 
been correctly assigned. 

The first of these facts is the commencement of the expedition of Rameses 
the Great against the Scythians, which is said to have been in his fifth year, the 
eleventh month, and ninth day of the month. In the year 1522 B.C., which is about 
the time that the continental writers suppose that Rameses reigned, the ninth 
day of the eleventh month would coincide with the 13th July of the proleptic 
Julian year, some days after the summer solstice. It is extremely improbable 
that the king would have deferred till so late a season his setting out on a distant 
expedition to a northern region. ‘The time of the vernal equinox, or some time 
shortly after it, would probably be that at which he commenced his expedition ; 
and in order that the assigned date of the wandering year should coincide with 
this, the expedition must have taken place in the former part of the twelfth 
century before Christ. In 1200 B.C. this date would coincide with the 23rd 
April, about twenty days after the equinox; and in 1120 B. C. it would coin- 
cide with the equinox itself. 

The second fact is of a similar nature. In the annals of the reign of 
Thothmos III., a fragment of which, formerly at Karnac, is now in the Museum 
at Paris, this king is said to have made his first campaign in the third quater- 
nion of months in his twenty-ninth year (i.e. reckoning from the death of his 
father ; the first year from the death of his sister). According to the French 
hypothesis, this must have occurred in the beginning of the seventeenth century 
before Christ, when this quaternion would have extended from the latter end of 
June to the latter end of October. It is very improbable that the campaign 
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should have commenced so late in the season as this; and when we take into 
account that it is not said to have commenced at the beginning of the quater- 
nion, and that it is imtimated that it extended beyond the close of it into the 
thirtieth year of the king, we have, I think, fully sufficient grounds for believing 
that he reigned somewhat about 360 years after the French date, when the 
quaternion would have extended from the latter end of March to the latter end 
of July. 

The third of the facts is of a different nature. It is recorded on a scarabeeus 
in the Louvre, which has been figured by Rosellmi M.R.XLIV.2, that in the 
eleventh year of the reign of Amenothph IIL. the third month and first day, he 
gave orders for the digging of an immense basin, 3000 cubits long, and 600 
cubits broad; and that on the sixteenth day of the same month he celebrated a 
great panegyry of the waters, or of the inundation. We know from various 
Stéles, on which the panegyries observed by the Egyptians are enumerated, that 
they had twenty-four stated ones, occurring on the first and sixteenth days of 
their twelve months; and it can scarcely be doubted, that the panegyry of the 
waters, or the inundation, was that one of this series, which occurred when the 
imundation was at its height, or when the sun was about the middle of Virgo. 
The basin was prepared, while the Nile was yet rising, with a view to its being 
filled by it as it rose ; and when it was full it was used for the celebration of the 
water panegyry. I consider the physical fact of the inundation being at its 
height about the middle of Athyr, in the eleventh year of Amenothph III., to be 
decisive as to the point that he reigned in the former half of the thirteenth 
century before Christ. In the year 1300 B. C., the 16th Athyr would coincide 
with the 27th September ; and this appears to me as late a time as we can sup- 
pose that the festival of the inundation could be celebrated. It is more probable 
that it would be a week or so earlier, which would bring the date down twenty- 
eight years, or thereabouts. According to the French hypothesis, however, of 
the chronology of this period, the eleventh year of Amenothph III. would occur 
in the seventeenth century before Christ, when the month of Athyr would coin- 
cide with December, and, of course, the inundation would be at an end. 

Now, however contrary to prevailing opinions the conclusion at which I have 
arrived may be, I would observe that it is quite consistent with the statement of 
Tacitus, that the appearance of the phcenix (which I shewed in a former paper 
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took place in 1167 B.C.) was in the reign of Sesostris, or Rameses the Great ; 
and also with a tradition, if it do not deserve another name, which was current 
among the Egyptians in the reign of Antoninus, to the effect, that the canicular 
cycle, then ending, had its commencement in the reign of Thothmos III. ; which 
must, therefore, have included the year 1323 B.C. The existence of this tra- 
dition is evidenced by a number of scarabzxi, obviously of Roman workmanship, 
and referring to the canicular cycle, on which the royal legend of this monarch 
appears. If it could be proved that a single one of these scarabei was of the age 
of Thothmos, it would be decisive as to the point under consideration. I do 
not, however, think this likely. Indeed, I think it very doubtful, whether the 
canicular cycle existed at all before the time of the Alexandrian astronomers ; 
who may have fixed its origin proleptically, as Julius Scaliger did in the case of 
his cycle. Still it is to be presumed, that authentic historical data existed at 
that period, from which the name of the monarch who reigned in 1323 could be 
known ; and it is by no means likely that, in default of such data, the name of a 
much more ancient king should be assumed arbitrarily, and the origin of the cycle 
attributed to him. 

It will occur to some, that the celebrated astronomical sculptures on the ceiling 
of the Memnonium, as it is improperly called, at Thebes, are opposed to the 
opinions which I have advanced. ‘This, however, I by no means admit. It is 
clear, that im the principal part of these sculptures, there was no intention of 
describing the physical characters of the months in the time of Rameses, but 
their original characters in the old fixed year; or, as those would express it, who 
dissent from my conclusions on that subject, their normal characters. This will 
be acknowledged by all parties. The question is whether there be any subordi- 
nate part of the sculptures from which the date of the erection can be inferred; 
and, if so, what that part is? Mr. Cullimore says, that he has data, from which 
the year 1138 B. C. may be inferred to be that of the erection ; but I have not 
been able to learn what these data are. This, however, would be in perfect cor- 
respondence with my views. M. Biot has fixed upon 1500 B.C., as the probable 
time of the erection; but on grounds which appear to me very unsubstantial. 
He assumes that the position of the vernal equinox was intended to be pointed 
out by the position of a pair of royal cartouches which stand under the names of 
the months. It appears to me, that I would have an equal right to assume that 


—_— 
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these cartouches were intended to mark the place of any other phenomenon, 
suppose the winter solstice; and that I might thus bring down the date about 
365 years from that fixed by M. Biot, so as to agree with the other evidence. 
Arguments of this kind are, however, of no value; and I should have considered 
this as unworthy of any attention, if it were not for the great name of M. Biot, 
and the weight which his opinion on any subject of a strictly astronomical cha- 
racter must necessarily have. This makes it important that I should point out 
the nature of the arguments which he uses, shewing that they are not founded on 
astronomical data. 

The theories of M. Biot and Mr. Cullimore are, however, not the only ones 
respecting the date of these sculptures. The Bishop of Gibraltar has argued, in 
a very plausible manner, for the intermediate date of 1323 B.C. His lordship 
quotes a passage in one of the columns of hieroglyphics at the side of the ceiling, 
in which mention is made of “the manifestation of Sothis on the third of the 
celestial days.” From this he infers, that at the time when the sculptures were 
executed, the heliacal rising of Sirius, or Sothis, was on the third of the Epa- 
gomene ; and, as it took place on the Ist of Thoth, at the epoch of the canicular 
cycle in 1323 B.C., the date of the ceiling could not have much differed from 
that. To this, however, it was replied by Mr. Cullimore (to whom, by the way, 
I am also indebted for the observation respecting the scarabei of Thothmos IIL, 
alluding to the canicular cycle), that this passage did not refer to the rising of 
Sirius, but to the birth of the goddess Isis, or Sothis; which took place on the 
third of the Epagomena, according to a legend recorded by Plutarch, and to 
which allusion is made in at least one other existing hieroglyphical monument. 
This is certainly a possible way of explaining the passage referred to by the 
Bishop ; and consequently that passage cannot be relied on, in opposition to such 
plain indications of a more recent date, for the reign of Rameses the Great, as I 
have adduced in this paper. 

I will only add, that from a comparison of various passages on obelisks, and 
in particular on the great obelisks at Karnac, combined with the statements of 
Manetho, I have been led to fix the death of Thothmos II. in 1355 B.C., or 
within a year or so of it. From this epoch the years of the joint sovereigns, 
queen Amuneth and king Thothmos IIL. are reckoned. The former died about 
the middle of their twenty-ninth year ; and from her death, the twelve years and 
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nine months assigned by Manetho to Thothmos III., whom he calls Mephres, 
are to be counted. They extended a short way into his forty-second year of 
nominal sovereignty. His son, Amenothph II. reigned about 1314 B.C. His 
son, Thothmos IV., the Thmosis of Manetho, commenced his reign about 1288 
B.C.; and his sons, Amenothph III. and Amuntuonkh, reigned about 1279 
B.C. The former of these died about 1248 B.C., and then commenced that 
struggle between the rival worships of Amun and of the Sun’s Disk, which con- 
vulsed Upper Egypt for several years, and occasioned the loss of almost the whole 
of the foreign conquests of the preceding monarchs. 

I have not yet been able to ascertain the interval between the death of 
Amenothph III. and the accession of Rameses the Great ; nor am I prepared to 
give the proof of the statements which I have last made ; as they partly depend 
on some general propositions, which I have established by induction from a num- 
ber of passages on monuments. Before making these propositions public, I am 
desirous not only of making the inductive proof as complete as possible, but also 
of collecting together as many of the corollaries from them as I can. 
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Il.—Memoir of Researches amongst the inscribed Monuments of the Greco- 
Roman Era, in certain ancient Sites of Asia Minor. By James Kennepy 
Baie, D. D., late ¥. T. C. D., and Lecturer of Greek in the University. 


Read June 26th, 1843. 


BAR 


TEOS AND APHRODISIAS. 


I. WHEN I last had the honour to address the Academy, it will be recollected, 
that I comprised within the memoir then submitted to its notice, a selection of 
the most remarkable details connected with the tituli which I copied from ex- 
isting monuments on the Apocalyptic sites.* These I was induced, from the 
extreme degree of interest attached to their localities, to consider in one and the 


* The mention of these tituli suggests a subject which might appear to be well worthy of dis- 
cussion in a separate memoir, but is here adverted to, for the sake as well of the correction of an- 
tecedent statements, as of the additional illustration which it involves. 

I refer particularly to the observations made in my first Memoir on the eighth and twentieth of 
my series of inscriptions.* 

The marble on which the former of these was engraved was found by me in so dilapidated a state, 
as nearly to preclude all effort to decipher the characters. Accordingly, in offering the explanation 
Ihave done, I was forced to proceed in the way of conjecture much more than I could have wished. 

From this embarrassment I have been lately in a considerable degree relieved, by my having 
had an opportunity of consulting the work of De Peysonnel, which concludes with an account of a 
visit he made to Thyatira and Sardes, nearly a century ago, and contains a number of inscriptions 
which the learned traveller had copied from monuments in those sites, amongst which is the very 
titulus® which has occasioned me so much trouble; I say not oss of time, because even the tran- 
script which I was enabled to make has enabled me to present my readers, in a work especially de- 


® Transactions of the Royal Irish Academy, vol. xix. pp. 132-5, and 149, seq. 
6 See De Peysonnel’s Voyage 4 Thyatire, subjoined to his work, Observations Historiques, etc. p. 346. 
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same series, and was therefore compelled either to dispatch with a comparatively 
slight notice, or wholly to pass over, the inscriptions of other sites which I visited 
in my progress, yet meriting, from the archeological allusions which they contain, 


voted to that purpose, with a precise representation of the characters of the original monument, as 
also with some readings which the transcript of De Peysonnel has but imperfectly preserved. 

The first thirteen lines of this titulus are, with some exceptions, tolerably distinct in the copy 
which he has published, thus giving us some more precise insight than we could otherwise have at- 
tained into the date and purport thereof, as also making us acquainted with certain names, which, 
in consequence of their similarity of termination, I had referred to Trajan. 

It now appears that the titulus dates considerably posterior to the time of Hadrian, or the Antoni- 
nes, to which I felt disposed to refer it, the Christian epoch of the Indiction being mentioned in the 
fifth line, which, as is well-known, commenced with Constantine the Great,* and a distinct notice 
having been preserved of the Emperor Flavius Leo in the mutilated fragment which constitutes the 
nineteenth, 

The name of Patricius® also, one historically connected with that of Leo, has been preserved, in 
conjunction with two others of inferior note,° but with terminations such as very naturally to induce 
a supposition in the mind of any one who viewed the inscription in its present state, that either 
Trajan or Hadrian were mentioned in the seventh and following lines. Nor was this persuasion 
lessened in its force from Sardes’ being designated, as it unquestionably is in the fifth line, as éwice 
Neocore, an appellation essentially heathen, and which led me to think of anything rather than a 
Christian origin or date in the case of this titulus.4 But so it is. The document refers to certain 
public works that had been going on in Sardes under the sanction of the proconsular edict, and 
refers to accusations which had been preferred either to the Proconsul or the Emperor himself against 
certain persons who had been intrusted with their management. 

Beyond this point the notices are exceedingly meager and unsatisfactory. The impression on 
my mind is rather of surprise than the reverse, that De Peysonnel, inspecting it at the time he did, 
when the marble must have been vastly less injured than it is at present, did not turn it to better 
account. So far was that from being the case, that he transmitted his copy to the learned body in 
Paris with which he was in correspondence, expressing at the same time his despair of any useful in- 
formation resulting from his labours. 

I have entered at considerable length into the details of this subject in the appendix of my work 
on the Inscriptions of the Apocalyptic sites,* and have given to the public in as intelligible a form as 


*Viz. A. D. 312. See Petavii, Rationarium, ete. P. I. lib. vi. p. 247. 

> See, amongst other authorities, Evagrii Hist. Eccles. 11, 16.-c. 

Namely, L, Aurelianus, and M. Histrianus, vv. 7, 8. 

‘See Eckhelii Doctr. Num. Vet. yol. iii. p. 117. The true solution of this apparent inconsistency appears to 
have been an attachment to their ancient superstitions yet lingering amongst the higher classes of the Sardians, 
and which the animosities that then prevailed among the Christians could hardly fail of augmenting. 

© Vid. Auctarium, pp. 153, ss. 
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ano less degree of attention from those who are capable of appreciating their 
importance. 


I could the whole of De Peysornel’s copy of this monument. I found it impossible, however, to 
extract from the chaotic jumble which he has left us from the fourteenth line throughout, any con- 
sistent series of notices. I endeavoured, but could not succeed to my satisfaction, to effect a more 
complete restoration of the whole. The utmost that can with any degree of probability be inferred 
from the monument in its existing state is, that it comprised a series of specific regulations as to 
the execution of certain works in Sardes, with which a committee of overseers had been charged, by 
virtue of an edict issued by the Proconsul, or a rescript on the part of the Emperor, and that such a 
course had been rendered necessary in consequence of the contractors’ neglect of duty, and certain 
obstructions that had been thrown in the way of the commissioners by parties, doubtless, who were 
interested in their failure. 

I now proceed to my observations on the second of the Pergamene inscriptions, or the twentieth 
of the series which are shortly to be published. 

Ihave expressed an opinion in my former Memoir, that the subject of this titulus was the 
Emperor Hadrian, and on this hypothesis I proposed certain readings in the passages where the 
marble from which I copied it had sustained more or less injury from age and the tools of the work- 
men, who had employed it for their purposes. 

I have, since the reading of that paper, reconsidered the subject in another point of view, with 
the help of the readings which I committed to writing on the spot, and the result has been a titulus 
coordinate to that which the travellers Smith* and Spon,® who have preceded me in that route, 
copied in the Acropolis of Pergamus, relating to a personage of consular rank, Julius Quadratus, 
who held many and distinguished offices in the reign of Trajan. 

His name will be found mentioned in the Consular Fasti in conjunction with Julius Candidus, in 
the eighth year of Trajan, and U. C. 858. 

If this view be correct, it will be necessary to inquire how far my readings sanction such changes 
in the titulus of which I have offered a translation in my first Memoir, as will adapt it to the cir- 
cumstances of Quadratus, or in other words, present a counterpart to the remarkable inscription with 
which Smith has furnished the learned author of The Acts and Monuments of the Arval Brothers, 
towards illustration of his celebrated work.° 

That this can be done, no one who bestows attention to the readings I have given can deny. It 
appears, moreover, from Smith’s titulus, that Quadratus had been Proconsul of Asia and Trajan’s 
Pro-prator of Syria ; that, so far, there is a correspondence between it and the inscription which 
Icopied. But, in addition to these and other offices, he is mentioned in the former as having 
been invested with the sacerdotal ones of Septemvir of the Epulones, and Frater Arvalis, and 
these can likewise be elicited, with a few unimportant changes, from my original series of readings. 


*See his Survey of the Seven Churches of Asia, p. 214. 
>See Voyage, etc. Tom. i. p. 328. Edit. de la Haye, 1724. 
Degli Atti e Monumenti de’ Fratelli Arvali, etc. Vol. i. tab. lvii. p. 176. 
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I now resume my details, with reference to certain of these omitted notices, 
and therefore, geographically at least, beg leave to conduct my learned auditory 
over the same ground which they have already traversed in my company. 

This is, from Smyrna, by the way of the site of Teos, to Ephesus ; from 
thence, through the passes of the Messogis to the site of Tralles ; then, along 


It were out of place, on the present occasion, to expand these notices into the particular details 
which they involye. This I have done in a work which I hope shortly to present to the public, in 
the appendix of which I have entered at considerable length into the examination of this subject.* 

All that remains for me to do at present is, to subjoin a translation of my Pergamene titulus, 
on the basis of this new view of its reference, and collateral to my former version, which bore 
directly on the subject of the vewata questio of Hadrian’s adoption by his predecessor. 

This version is as follows: 


Aulus Julius Quadratus 
Proconsul of Pergamus, 
And Pro-pretor 
Of the Emperor Nerya 

5. Trajanus, Cesar, Augustus, 
Germanicus, Dacicus, of Syro- 
Pheenicia, Commagene ; Septem- 
Vir of the Epulones ; formerly 
Frater Arvalis of the Antiocheans 

10. In the region of the Chrysorrhoate : 
The Senate and People of the Pergamenes (have honored) 
Through Apollonius Dionysius * * * * 
And Malchio, and Cephalio 
Artemidorus, and Dionysius 

15. Demetrius, the Son of Amyntas 


eee ee 


The Greeks had no words in their language, or, to express myself more accurately, no officer in 
their sacerdotal institutions, corresponding to the Septemviri Epulonum, and the Fratres Arvales ; 
they were therefore compelled to adopt the Latin terms, as nearly at least as the peculiarities 
of their language would allow. Thus, lines 7-9 of the above, conformably to the version I have 
given, appear as follow: 


MOYIPA - EIIOYAQNOYM - ®@PATPEM. 
APOYAAEM- ANTIOXEQN. x. t. X. 


This, in the first arrangement which I have given in my collection of tituli, and which was 


* Vid. Auctarium, p. 191, ss. The work here alluded to has recently issued from the University Press, under 
the following title: Fasciculus Inscriptionum Gracarum, quas apud sedes Apocalypticas chartis mandatas, et nunc 
denuo instauratas, prafationibusque et notis instructas, edidit Jacobus Kennedy Bailie, S. T. P. ete. 
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the course of the Me@andrus, leaving that of Nysa to the left, to the point where 
its stream is crossed on the way to Antiocheia in Caria. From this I deflected 
in a southerly direction, along the valley of the Mosynus,* to visit the site of 
Aphrodisias. I then, 


‘* Willing, yet with unwilling mind,” 
retraced my steps to that of Antiocheia, leaving the splendid Cadmian range, 


partly suggested by the remarkable medal cited by Eckhel* from the Cleves Museum, wherein 
Hadrian is styled Cesar, and is called by the name of Trajanus, presents a different aspect : 


EE CEE Ee EO Ee SERAS 


TOY NEPOYA-: YIQNON- ®PATPIEA. 
NEPOYA -AHM- ANTIOXEQN.® «. 7. X. 


Whichever of these explanations of the monument under consideration may be regarded as the 
more probable, an advantage is gained by the student, whether of history or of archeology. The se- 
cond throws additional light, as I have already remarked, on the question of Hadrian’s adoption ; the 
first adds a new record to those which Marini has so laboriously collected in illustration of his work 
on the Arval Brothers, and occupies a rank coordinate to that of the titulus of Smith and Spon. 

* This is mentioned by Pliny, v. 29, 6, where the readings vary from Orsinus and Mossinus 


to that here given. The Turkish name is Alcea A NG the river of Yény-shehir, the Maule lg 
tive of the ancient Antiocheia on the Mzandrus. 


a Vid. Doctr. N. V. vol. vi. p. 473. 

» A question arises here, into the discussion of which I have entered at some length in my work referred to 
above, p. 89, ss. and ductar. p. 194, relative to the Antiocheia here styled EN. TOQI.XPYSOPOATQN. The 
evidence of history and of medals, in which Hadrian’s name appears so closely connected with the capital of Syria, 
would lead us to conclude that the Antiocheia of the Orontes in the one alluded to here ; but the difficulty is, that it 
is no where to be found described as in the territory of the Chrysorrhoate. It is true, that it might, in a certain 
sense, be so denominated, as the Orontes has its source in the neighbourhood of the Chrysorrhoas of Damascus; but 
this appears strained. 

I have stated in my note on this passage in my Fasciculus Inscriptionum that we have also our choice of Edessa, 
or Antiocheia of the Osrhoenes; but this appears to be untenable on historical grounds, as Edessa did not come 
into the hands of the Romans until the age of Caracalla. 

Probabilities are therefore in favour of some city of Asia Minor being here intended. Of these, the Pisidian 
Antiocheia appears to haye been too remote from the Mwandrus and the Hermus, of which the Lycus and the 
Pactolus, each also called Chrysorrhoas, were respectively tributary streams; but not so Tralles, one of whose 
names was Antiocheia, and the Carian town mentioned in my note (ubi supra) as in the neighbourhood of the 
Meandrus. These may, from their undoubted vicinity to the rivers Chrysorrhoz, haye been denominated as in the 
region of the Chrysorrhoate, as also Hierapolis of Phrygia, one of the coins of which exhibits XPYZOPOAS on the 
reyerse ; but I have no where been able to find that Antiocheia was one of the names of this latter city. 

The reader may consult on these points, Eckhel. Doctr. Num. Vet. vol. iii. p. 155. Rasche,.Lezic. Univ, Ret 
Numm. yol. ii. p. 274, Plin. vy. 29, 6. 
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and the field of Lycian research in my rear, one in which I should gladly have 
borne a part had my modicum of time permitted me; but the churches of Asia 
were my first object. My course then lay along the left bank of the Meandrus 
to the site of Karowra, and after that, of Laodiceia, from which I crossed the 
Lycus on my way to that of Hierapolis. 

My course now lay north-west, through the extensive district of the Kata- 
kekaumene, and the point of junction of the Messogis and Tmolus ranges, to 
Philadelphia,* which is situated on the northern slope of the latter. The site 
of Sardes (ble or >.) terminated, for the present, my advance in this direction, 
as Thyatira, by the way of the Gyg@an lake and Marmora, was my next resting 
place. I then resumed my former direction, and crossing the Hyl/us entered 
Mysia by the way of the site of Nakrasa,t which brought me on to Pergamos. 

This terminated, for the present, my course northwards, as I returned from 
thence by the coast road to Smyrna, having thus completed my survey of the 
Asiatic churches. 

Teos, the central city of the Ionian confederacy, and the seat where the Pani- 
onian Council assembled, might naturally be supposed to possess attractions for 
the antiquarian traveller. Nor will he be disappointed. Its remains commence 
at the distance of a mile or two to the south-east of the modern village of Sig- 


hadjek ( s>\e.s), and extend over an area of three or four miles in circumference. 
Vestiges also of the old harbour are yet plainly discernible, which is quite dis- 
tinct from that by which Sighadjek is approached, this lying considerably to the 
north. 

As the traveller emerges from the ruins, and pursues his course towards the 
north-east, he comes, at the distance of three or four miles, upon the modern 


village of Sivry-hissar, (_e>-Lsy,), close by which, and surmounting walls 


7 gor, (perhaps YI, but) not |, as generally supposed. See note in first Memoir on 
this, p. 128, 

+ See Arundell’s Visit to the Seven Churches of Asia, p. 276. The Turkish representative of 
this is >) or : It is distant from Thyatira, to the N. W., about three hours and a half or 
four hours. 

Coins of this ancient site are still extant, and an inscription published by Chishull, in his Andz- 
quitates Asiatice, p. 146, proves it to have been a colony of the Macedonians. Vid. Eckhel. u. s. 
vol. iii. p. 109, 
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along the sides of the road, numerous fragments of ancient sculpture are visible. 
These, as I have heard it conjectured also by an intelligent traveller* who had 
visited the spot, were originally part of the architectural embellishments of Teos. 
The mutilated inscriptions, however, which they present, contain no evidence of 
the fact; and perhaps the supposition is equally probable that Sivry- Hissar, m- 
stead of being indebted to its more distinguished neighbour for the vestiges of 
ancient splendour which it possesses, may prefer an original claim to them itself. 
The town of Chalcis, in the territory of the Chalcideans mentioned by Strabo,f 
occupied a position in this quarter very nearly, if not precisely, similar to that 
which Sivry-Hissdr does at present ; and on the same authority, we may extend 
alike observation to the Turkish village which is generally supposed to represent 
Teos, for the position of Sighadjék agrees remarkably well with the geogra- 
pher’s notice of Cherreide.t 

I make these observations with respect to the comparative geography of this 
most interesting district, of course, subject to correction. I cannot precisely 
affirm, that any of the tituli, of which I now proceed to submit an account to 
the Academy, aid us in this research. Of this, however, I feel confident, that 


* Thomas Rothwell, Esq., who was a resident in the neighbourhood of Smyrna during the 
period of my visit. 

I cannot omit this opportunity of expressing my obligation to that gentleman for his courtesy 
towards me whilst in Asia Minor. It was he who directed my attention to the most interesting 
objects within aud around Smyrna, and most kindly placed at my disposal the contents of a diary 
which he had kept during an excursion which he made to the site of Teos, and over some in- 
teresting localities of the interior, including Philadelphia, Sardes, and Thyatira. 

To another valued and highly respected friend, the Rev. W. B. Lewis, the British Chaplain at 
Smyrna, I owe a large debt of obligation for his kind hospitality to an old College acquaintance, and, 
still more, for his associating me with him in the important duties of his station, when the perfor- 
mance of them was, in a peculiar degree, a refreshment and a solace to my mind. 

+ Rer. Geograph, xiv. 1, (vol. iii. p. 180, Tauchn.) Ts piv yap varsov rod iclpeod aAtupay exoucs 
Thiet, Tove Xarnideus. 

Ido not perceive that on this point of identification Bp. Pococke has ventured any opinion, as 
he has done with respect to Sighadjék. 

if Ubi supra, xiv. 1. “Exors xcel ZAA0s Auehy 6 mporBopos ams rpianovrae orudiay THs TFOAGwS, Xeppastdas. 

This conjecture occurred to myself, and I haye had the satifaction of finding that Pococke en- 
tertained the same opinion. He classes his tituli from Sighadjék under the head Cherreide. Vid. 
Inser. Antiq. p. 21. 
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two, and most probably three, of the five which I have collected, belong to Tos ; 
one, because it was copied from ruins on the actual site ; another, because it 
contains evidence, which to me is satisfactory, and which I hope to make equally 
so to my learned audience, of it marking the position of the Dionysiac temple, 
which Vitruvius* mentions as one of the chief ornaments of Zeos. The third, 
to which I have alluded as of uncertain reference, was copied from the super- 
structure of one of those draw-wells which meet the traveller on the way to 
Stvry-Hissdr, but from the notices which it contams, can hardly be referred to 
any other locality excepting one of great municipal importance. As to the others 
I can state nothing with confidence; they were likewise copied from well- 
mouths, but have been so utterly defaced and mutilated, that it is impossible 
to extract anything certain from the indistinct notices which they contain. I 
present them merely as archeological specimens, and evidences of a traveller's 
zeal in a good cause. 

The first of these tituli is a document of exceeding interest, and referrible, 
as I conceive, to an early date; at least early when compared to the Graco- 
Roman inscriptions. I should pronounce it to be one of the muniments which 
the cities of Asia were required to produce in the reign of Tiberius, in order to 
the establishment of their several claims to the right of sanctuary}. The forms of 
the characters, more especially of the Sigma, (which is =), so far from approxi- 
mating to the rectangular or semicircular outline that tituli of a more recent 
period so frequently exhibit, carry us back to a period even anterior to the 
Roman conquest. The dialect, moreover, appears to be the same with that of 
the ancient inscriptions which Sherard and Lisle copied in the territory of Teos 
so far back as 1709 and 1716, and which have been given to the public by the 
learned Edmond Chishull in his Antiguitates Asiatice. The fragment here 
presented merits a distinguished place in that collection, as one of the monumen- 
tal jura of this sacred district. 

It commences with a distinct notice of an AZYAON, which is repeated in 


* See Architect. lib. iii. c. 2. p. 90, and vii. Preefat. p. 193, Ed. Bip. Pococke’s collection of 
Inscriptions contains a mutilated one of some length from this site, but which has been, as was but 
too usual with that learned traveller, most inaccurately copied. It is no longer in existence, at least 
I was unable to discover ii, 

+ Compare Tacit. Annal. iii, 60. ss. Sueton, Tiber, xxxvii. 
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the sixth line, this beginning with ZYATAX, that is, AZYAIA. Mention is 
also evidently made, in the twelfth line, of a Delphian of the name of Agelaon ; 
in the fifteenth, of a person named Astyanax, in connexion with a people, which 
J entertain no doubt was that of Cos; and, in the last line, either of the Tyr- 
rhenians, with whom we all are familiar, or, more probably, of the Polyrrhenians, 
a Cretan people noticed by Strabo, and, from the circumstance of their neigh- 
bourhood, very likely to have been here introduced.* 

All these scattered notices conduct us at once to the purport of the inscrip- 
tion, namely, that it was designed to perpetuate the claim of the Teians to the 
privileges of asylumship, by its reciting the names of the several states, or the 
distinguished citizens of the several communities, with which they had, from time 
to time, ratified treaties interchanging that right. 

The conclusion from all this appears to me far from unreasonable, which is, 
that a copy of this document had been produced by the embassadors of the city ~ 
in the presence of the Roman Senate, to which council Tiberius had referred 
them for final adjudication as to their claims. 

The narrative which Tacitus has left us of the proceedings of the Emperor 
on this occasion affords the best commentary I could select. I therefore adduce 
it in evidence of what I have stated. 


* My copy here is I10%*PPHNIQN, which may have been either ATIOTYPPHNION, or 
TIOAYPPHNION. I prefer the latter of these. Express mention is made by Strabo of this district 
of Crete, which lay towards the western shore of the island, and was remarkable for its sanctuary of 
Dictynna, to which a reference was probably made is this part of the titulus. 

One of their autonomous coins presents on the obverse a head of Jupiter crowned with laurel, 
and on the other side, an ox’s head filleted, which Eckhel explains, as Suidas had done, by the 
custom of the Cretans’ celebrating religious festivals in the neighbourhood of this place. Doctr. 
Num. Vet. vol. ii. p. 318. 

The learned Chishull has published, amongst his other tituli, from the researches of Sherard and 
Lisle in the years 1709 and 1716, decrees establishing mutual rights of asylum between the Teians 
and various cities of Crete, amongst which Polyrrhenium is expressly mentioned. See the preamble 
in Antiqg. Asiat. Inser, vii. p. 121. 

This circumstance in particular appears to remove all doubt as to the true reading in the last 
line of the titulus which I copied, and which, doubtless, was of the same import with those published 
by Chishull. 

T See Tacitus, ubi supra, cc. 60, 63. 
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“The custom of establishing sanctuaries in the Greek cities had degener- 
ated into a species of licentiousnesss ; the temples were crowded with slaves of 
the worst characters. Debtors were, to the injury of their creditors, allowed the 
same privilege, which was also shared even by persons suspected of capital 
crimes; nor did there exist any influence of sufficient strength to control the 
seditions which took place amongst the people, who shielded men’s enormities as 
they would guard the ceremonies of the gods. It was accordingly decreed, that 
the cities should send delegates with notification of their respective claims; and 
some forbore, of their own accord, to press rights which they had unjustly pre- 
ferred, whilst many relied on their superstitions, or their claims on the Roman 
people in consequence of services performed.’’* 

That the citizens of Teos were of the number of these last, there is every 
reason to conclude, and if so, that the very fragment before us was one of the 
jura here mentioned by the historian, or attestatory documents with which the 
delegates were required to come provided ; for Tacitus adds in the next section 
to that from which I have quoted, that the Ephesians, the Magnesians (of Sipy- 
lus,) the Aphrodisians, the Stratoniceans, the Hierocesareans, the Cyprians, and 
other states, complied with the wishes of the Senate, and sent deputies to Rome ; 
as also did the people of Samos and the Coans, in the following year ; and of 
these last express mention is made, as I have stated, in the fifteenth, perhaps also 
in the eighth line of this Teian inscription. 

On the whole, I am disposed to rank this titulus in the same class with those 
which the learned Chishull published upwards of a century since, from the papers 


* « Crebrescebat enim Gracas per urbes licentia atque impunitas asyla statuendi; complebantur 
templa pessimis servitiorum ; eodem subsidio obzerati adyersum creditores, suspectique capitalium 
criminum receptabantur. Nec ullum satis validum imperium erat coercendis seditionibus populi, 
flagitia hominum, ut cerimonias deum, protegentis. Igitur placitum, ut mitterent civitates jura 
atque legatos. Et quedam, quod falso usurpaverant, sponte omisere; multe vetustis superstitioni- 
bus aut meritis in populum Romanum fidebant.” Tacit. Annal. w, s., c. 60. 

On this subject of Asylia the learned reader may consult with advantage Spanheim, De Usu et 
Prestantia Numm. Dissert. ix. pp. 667, ss. wherein he treats of the various Asyla amongst the 
ancients, their prescribed limits, and the true import of the titles éepa/ and govao: conferred on 
various cities. 


Eckhel professes to follow Spanheim in his chapter on this subject, vol. iv. pp. 306, sqq. 


; 
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of the late Sir William Sherard, thus supplying a distinguished editor* of 
Tacitus, who has quoted at full length his Aphrodisian and Stratonicean tituli 
in particular, with documents of a most interesting and important character to- 
wards the illustration of his author’s text. 

I cannot but feel regret that I have been obliged to fill up the Lacune in 
my transcript of this record with my own imperfect supplements ; but I have had 
no other altenative. My learned auditory will, of course, regard all this merely 
in the light of a Tentamen, open to, and most probably demanding, ulterior cor- 
rection. 

The commencement, or preamble, as it may be termed, is wanting, but may 
perhaps be supplied as follows : 


[Inasmuch as it is well-known that the temple of Hercules, ] in Agrigentum,t is a sanctuary 
To those who enter its precincts, which also 

[We regard as becoming its citizens, ] seeing that we have conceded [the same privilege 
To such as have been placed] in circumstances of difficulty, whence there is reserved 


* Viz. Brotier. Vid. Tacit. Edit. Lemaire, vol. iy. pp. 428, 432. 

The parts of Chishull’s work referred to here are pp. 152, 156, in which he has given from the 
MS. of Sherard the Aphrodisian and Stratonicean inscriptions. 

The late Sir William Sherard’s papers at present form part of the Harleian collection in the 
British Museum, N° 7509. They have been recently used by the learned Professor Boeckh, in 
forming his Corpus Inscriptionum Grecarum relative to Asia Minor. 

I observe the Stratonicean titulus to be No. 2715, in his series, and that it has been published 
also by Mr. Fellows, in his last volume of travels, Nos. 91 and 92, p. 367. 

{ There is some difficulty with respect to this part of the titulus. My copy is as follows, in 
vy. 1. and 2. ATTPATANASYAON «* * * * NYIIOAIKOIATTPA * ** in both which I have conceived 
that reference has been made to the circumstance of there having been a reciprocity of Asylia 
established between the inhabitants of Agrigentum and the Ionians of Teos and its dependencies. 
This is @ priori probable, when the Rhodian origin of Agrigentum is taken into consideration, from 
which it would naturally follow, that amicable relations would be perpetuated between the colonists, 
and the sacred territory of Asia Minor, in which Teos held so distinguished a rank. For this we 
haye the testimony of Herodotus in the case of Gelas, through which the tide of colonization 
flowed into Sicily from the east, namely, Rhodes and Crete. 

Hence we find the worship of Minerva established in Agrigentum; as also of Jupiter Atabyrius 
and Hercules, the sacred tum of which enjoyed the privileges of Asylia. 

See Polybius, ix. 27,7. Strabo, xiv. 2, p. 198, u.s. Lactantius, i. 22. Herodot. vii.153. Thu- 
eyd. vi, 4. 
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' 5. [To persons] of the rural classes, or [to any one of the class 
of citizens, whoever he may be, who yields obedience ] 
To the common [laws which are in force regulating the right 
Of sanctuary, ] who may have had recourse to it, 
{ An altar,] whereon he may sit ; as also to those * * 
10. * * * # * * * * * * * * whose supreme magistrates allow the benefit 
Of their celebrated [sanctuary of * « * * * *] to all such 
Of the Agrigentines as have incurred the penalty of the law; 
[As also to * * + * * * * * *] the son of Agelaon, the Delphian ; 
[ Moreover, it hath appeared conformable] to the laws 
15. [Of the city, that immunity, and the right of public entertainment, | should be granted 
To * « * * * and that « * *« * * the son of Astyanax, who is himself a Coan, 
And a descendant of the Polyrrhenians 
[Should be invested with the same rights * + * * * *] 


There are many other observations which it would be requisite to offer in or- 
der to a more complete elucidation of this remarkable titulus ; but as these prin- 


Additional probability is imparted to this conjecture from the circumstance of Delphi being 
evidently referred to in the twelfth line, between which shrine and the Agrigentines we have the 
explicit testimony of Aelian that intercourse subsisted. See Var. Hist. ii, 33. 

But a principal difficulty arises from the orthography here adopted, ATTPATAN. I do not speak 
of the Doric form, because the titulus bears evidence of its having been composed in that dialect. 
Thus we have AOOHMEN in the thirteenth line, as in the titulus respecting the Arcades, in 
Chishull’s collection, vol. vi. 2, p. 118, But the usual form was AKPATA®, whence arose ATPATA3. 
See Eckhel. D. NV. V. vol. i. p. 191. We may, however, suppose AKTPALTAE to have been a 
legitimate orthography, whence ATTPATA® may have arisen, as from EKTONOS, EITONOS, of 
which we haye an example in this very inscription, in the sixteenth line. 

To account for ATTPATAN being used as an adjective, that is, for ATTPATANTINON, or a 
substantive, for ATTPATANTA, is yet more perplexing 5 unless, indeed, in the latter case, we may be 
warranted in supposing that either the engraver of the titulus nodded over his task, or the traveller 
who committed it to his note-book, neither of which classes of literary aspirants is, as I can assure 
my readers, invariably exempt from error. 

On the whole, I should rather be disposed to reject ATTPAPAS as a noun adjective, and con- 
clude that the genuine reading here was ATTPATANTA. The omission of the final vowel, at least, 
may very naturally be accounted for by its commencing the following word. 

I have inserted in my translation mention of the Asylum of Hercules, in particular, from the 
passage in Cicero, In Verrem, ii. 4, 43. To collect this, however, with certainty, is, in the pre- 
sent state of the inscription, impossible; the sanctuaries of Asculapius, which are mentioned also 
by Cicero, and of the Atabyrian Jupiter, possess an equal claim to notice. 
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cipally regard the critical department of my labours, as connected with the sup- 
plements which I have ventured to introduce in order to the completion of the 
sense, I have judged it best to reserve them for a more convenient opportunity. 

I pass now to the second, which I have mentioned as possessing a claim on 
our attention from its probably marking the site of the Temple of Bacchus, of 
which Vitruvius has left us some notices. It appears from a comparison of two 
passages in his work, that this edifice was a Hexastyle Monopteros, and that Her- 
mogenes of Alabanda had been the architect employed in its erection. A pro- 
bable inference from another is, that it was of the Ionic order : and it is described 
by him as having been a model of symmetry in its exhibiting an accuracy of pro- 
portion between the diameters of the columns, their heights, and the spaces be- 
tween them, of which Rome itself possessed no example.* 

There yet remain vestiges of these distinctive marks amongst the ruins from 
which the following titulus was copied. The order appears to have been that 
which Vitruvius mentions; but it would require the skill of a professional tra- 
veller to elicit from the mass of confusion the exact proportions which he states 
to have been observed. 

One circumstance, however, is remarkable. A portion of the zophorus of 
a column yet remains, adjacent to the fragment which bears the inscription, ex- 
hibiting the well-known Dionysiac symbol, the Bull’s head, which procured for 
the god his poetical name of Tadpos, and his epithets, Bovxépws, tavpopophos, 
and Tavpoperwros.t 

Does it not appear reasonable to suppose, that a more detailed research 
amongst the ruins, beneath as well as above the surface, would bring to light 
other interesting confirmations of this fact? The principal of these would be, 
next to actual ¢¢wl declaratory thereof, the symmetrical arrangement of the 
columns according to the moduli of Vitruvius, which he states to have been first 
established by the architect of Alabanda. 

In short, I should recommend the same kind of research in the case of this 
temple, that Cockerell many years since has suggested in the instance of the Me- 


* Vitruvius, De Architect. iv. 3. p. 111, Bipont. 
{ Athenzus, ii. 38, e. Sophocl. ap. Strab. xy. 1. (vol. iii. p. 180, Tau.) Orph. Hymn. xxix. 4. 
(Eschenb.) Plutarch, De Iside et Osiride, xxxy. (Moral. vol. iii. p. 32, Tau.) 
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troum of Sardes, namely, “excavation, which would expose the greater part of the 
building, and give a completer idea of its dimensions.’’* 
In the mean time, I submit to the Academy the following evidence of my 


assertion. 
The Senate and [the People] 
have honoured 
Katyphena, [ High Priestess] 
Of Asia, and Priestess [of the] 
5. god of the city, D[ionysus, ] 
Daughter of Phesepfolus,] and 
of Stratonice, High [ Priestess] 
of Asia, by erect[ing] 
a fair statue, [with the assistance of * * * * * * and] 
10. Pisoninus, the C[onsulars. ] 


Of this inscription I should say that about one-third has disappeared by 
injury done to the stone on the right; but I entertain not the slightest doubt of 
the accuracy of my restoration. One of these is Dionysus (or Bacchus), in the 
fifth line. The only letter of this which has been preserved, is A, and some 
might think, that AIOZ might as well be supplied. But to this I answer; that 
Jupiter was not the deity of the Teians. Indeed the prevalent worship along 
their coast was that of the Latoidx, and of Bacchus, in the latter of which the 
people of Lebedos were congenial votaries with their Ionic neighbours.t 

Again (but on this argument I repose no great stress), the reading AIO- 
NYZOY nearly completes the line as to its proper length ; for I am confident, 
that neither article nor preposition went before the first word of the next, viz., 
OYTATEPA, so as to make up for what would be deficient therein, should we 
be disposed to restore AIO. 

We read in the second and third lines that this distinguished lady was High 
Priestess of Asia, and, in the seventh and eighth, that her mother had borne the 
same office. 

Here I may be permitted to assume, what none can possibly be inclined to 
doubt, namely, the correctness of my restorations at the ends of these lines; the 


Ul 
* See Colonel Leake’s note on Mr. Arundell’s Visit, etc. n. 35, p. 321. 
t Strab. xiv. 1. (Vol. iii, p. 180, s, Tau.) 
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whole of APXIEPEIAN in the one, and the last four syllables of APXIEPEIA> 
in the other. Should any one dissent from this, I may be allowed to ask, what 
other words could be introduced to supply the requisite sense before ASIAS, 
the word with which the fourth and eighth lines commence? This has been 
preserved entire, and leaves no room to doubt as to the substantive which preceded 
it in the clause. We thus possess direct evidence of the honors of the High 
Priesthood of Asia having been conferred on females of distinguished rank. We 
read of it here as attained successively by the mother and the daughter, which 
proves not only the high consideration in which this family was held, but also 
that of the city to which they belonged, inasmuch as this dignity ranked amongst 
the very highest which the Proconsul had it in his power to bestow, and was, 
consequently, in a proportional degree, an object of ambition. 

It is my intention, when discussing some of the Aphrodisian tituli in which 
express mention is made of this office, to enter more at large into the subject of 
its duties and privileges. I content myself at present with mentioning, that the 
only difference which existed between it and the Asiarchate (an office with 
which every biblical student is familiar) was one, not of kind, but of degree. 

I now pass to by far the most important of the tituli which the well-mouths 
between Stvry-hissdr and the site of Teos supplied. It was copied from the 
third on the road which proceeds eastward from the village, and is perfect in 
all its parts, with the exception of a few lines at the commencement, which have 
disappeared with the upper part of the altar, or pedestal, that the workman who 
shaped it to fit its present position had found it necessary to remove. The con- 
sequence of this has been, that neither name nor date exists to assist us in 
localizing the titulus, or in connecting it with history. 

Its subject-matter, however, and the terms in which it is expressed, suf- 
ficiently prove that the state which conferred the honor (for it is an honorary 
titulus), and the citizen who received it, were of no mean rank. The con- 
jecture, therefore, that it originally formed part of the decorations of Teos itself, 
appears at least reasonable. 

This being assumed, we are enabled, from the notices of the third line,* to 
assign to the Ionian city what travellers have already, on the authority of Vitru- 


* That is, of the Greek original as I copied it. In the subjoined translation this is the fourth. 


VOL. XXI. D 
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vius, pictured to themselves in the Lydian, namely, a Gerusia. What this was 
in Sardes we have the explicit information which that author has bequeathed 
to us, but nothing had been stated with respect to the Gerusia of Teos, in the 
Vitruvian sense of the term, that is, a House of Assembly for the Seniors 
(yépovres) of the state in Council.* 

We learn, a few lines further on, that the distinguished citizen whose name 
had been recited in the commencement, had borne the office of @vAGE evOnvias, 
which in other tituli that I have seen is at one time expressed emapyos, at 
another éemimeAntys, evOnvias, and corresponded doubtless to the Prefectus 
annone amongst the Romans. 

The duties of this office consisted in alleviating as much as possible the 
suffermgs of the poorer classes during seasons of dearth, by gratuitous distributions 
of corn, as well as of other necessaries of life, and were undertaken occasionally 
by magistrates of the very highest rank. Thus we are informed by Suetonius 
and Dio that Augustus himself thought it not beneath him to take upon himself 
the discharge of the duties of this benevolent office. Tacitus also has referred 
to this in his peculiar style, when presenting us with the outline of the Augustan 


* See my first Memoir referred to above, from vol. xix. Trans. R. I. A., p- 131. 

The passage of Vitruvius there mentioned is as follows: ‘“ Croesi domus, quam Sardiani civibus 
ad requiescendum ztatis otio, seniorum collegio Gerusiam dedicaverunt.” 

These words seem to imply, that the Gerusia of Sardes served the double purpose of an Asylum, 
in our sense of the term, or yegoyroxousiov, and a House of Assembly. 

It certainly appears from tituli that there existed in Sardes, as in other cities of Asia Minor, a 
Collegium Seniorum, which, assembled in council, had a voice in the affairs of the city. Vid. Reinesii 
Syntagma Inscriptt. Ci. vii. Tit. 86, and compare Dion. Chrysostom. Orat. xxxiv. pp. 418, s. 

[ am particular in mentioning this, lest the passage in my former Memoir should be misunder- 
stood. 

{ The titles abovementioned are fully illustrated by Chandler, Znscr. Antig. n. 187, p. 81. 
Inscr. Rosett. y. 13. Tit. Vatican. Ixi. 12, s. in Osanni Syllog. p. 429. Zoég. Numm. Aegypt. and 
Algemeine Schulzeitung for 1828. 

Dio Cassius terms this officer émimednths Tov cirov, in Hist. Rom. liv. 1. 

fF Octay. August. c. xli. fin. The expressions of Suetonius strongly illustrate vv. 7, ss. of the 
inscription now under consideration : « Frumentum quoque in annone difficultatibus szepe levissimo, 


interdum nullo pretio, viritim admensus est.” See Dio in the passage referred to in the preceding 
note. 
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policy with which he commences his Annals: “The army he allured with 
largesses, the people with cheap markets, the community in general with the 
delights of repose.”’* 

Another passage in the fourth book of the Annals, taken in connexion with 
Livy’s statement as to the policy of an illustrious citizen in an early period of the 
republic, affords an excellent commentary on the language of this inscription : 

**The populace (writes Tacitus) was wearied out with the high price of 
provisions : but for that the prince (viz. Tiberius) was not to be blamed ; on the 
contrary, he used his endeavours to remedy the unfruitfulness of the land, as well 
as the tempests of the sea, so far as it was possible to do by activity and a liberal 
expenditure.” } i 

Livy’s expressions are to this effect: “The dearth of provisions was the 
source of much anxiety to the city, the issue of which would have been the most 
extreme destitution, as we learn from those writers who state that Fabius Maxi- 
mus was Curule Aedile of that year, had not that functionary exhibited the same 
activity in the regulation of the market, by providing and storing corn, by which 
he had distinguished himself so honorably, on several emergencies, during his 
military operations.’ ’{ 

This important office devolved in regular course on the Aediles and Cen- 
sors,§ the former of whom the Greco-Romans termed, as we have seen, “Ayopa- 
vouot, a word borrowed, as many others were, from the Athenian polity. But 
here we are to guard against being misled by an identity of terms. ‘The powers 
of the Athenian @yopavojos appear to have been more limited than those of 
the prefectus annone, who seems to have represented in his single person not 


* «Militem donis, populum annona, cunctos dulcedine otii pellexit.” Tacit. Annal. i. 2. 

+ ‘Plebes acri quidem annona fatigabantur ; sed nulla in eo culpa ex principe; quin infecun- 
ditati terrarum, aut asperis maris obviam iit, quantum impendio diligentiaque poterat.” Annal. iv. 6. 

t “Caritas etiam annone sollicitam civitatem habuit; ventumque ad inopiz ultimum foret, ut 
scripsere, quibus zdilem fuisse eo anno Fabium Maximum placet, ni ejus viri cura, qualis in bellicis 
rebus multis tempestatibus fuerat, talis domi tum in annone dispensatione, preeparando ac conyehendo 
frumento, fuisset.” Hist.x. 11. This was U. C. 453. 

§ Vid. Livy. ubi supra. Plin. xiv. 16, Edit. Lemaire. 
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merely the agoranomos, but also the commissioner for importing corn (ovTévns) 
and the magistrate (ovropvAaé) who regulated its price.”’* 

We perceive in this last name an almost exact correspondence with the lan- 
guage of our inscription, ®YAAZANTA . THN . EYOHNIAN.T 

It is now time that I should submit this document in its more particular 
statements to my auditory. It has been, as I have said, quite mutilated in the 
commencement ; but the allusions therein will be readily understood by our sup- 
posing that the personage who is the subject of the titulus had been a trustee of, 
or in some way possessed a control over, certain funds which had been devised 
by his parents for public improvements. 


[The Senate and the People have honoured] Caius Tiberius{ 
* * * * * * * * * * who hath restored the wall that had fallen 
to decay; who hath moreover repaired from the proceeds of the interest 
the portico of the Gerusia; and who hath undertaken 
5. to provide all things, together with the bathing apartment, 

and the other suitable decorations, from the funds 
which have been bequeathed to the city by his father : 
who hath also, during the most necessitous seasons of dearth, 
more frequently than any other citizen, 

10. regulated the prices of the market: who hath devoted 
to the public service, in addition to the funds bequeathed by his father and mother 
for the restoration of the Gerusia, his own property also: 
who hath, in obedience to the Imperial Mandate, 
and through his own munificence, prevailed upon 

15. the citizens to enter the military service, of their free will : 
who in all matters approves himself a benefactor of the city: 
and in consideration of his unsurpassed liberality of spirit in all transactions. 


a Se ee ee 


* Compare Potter, i. 15, (vol. i. p. 97, Edit. Dunb.) Boeckh, Staatshaush. der Athen. i. p. 70. 
(118, 120, Engl. Transl.) 

7 This was termed by the Romans temperatio, or dispensatio, annone. Vid. Livy. u.s. Sueton. 
in Tiberio, xxxiv. 

t See Pococke, Jnser. Antiq. p. 38. In this traveller’s time the titulus was so much less defaced 
than it is now as to give us some insight into the name of the individual here honoured. From his 
AIOI. TIBEPIO. I have ventured to supply Caius Tiberius. In the remaining part Pococke’s 
copy is, as usual, replete with oversights of transcription. 


til 
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On this I shall offer only one more observation, in addition to those I have 
already made. This relates to the probable date, which I should be inclined to fix 
to the age of Octavianus, and shortly subsequent to the period when the Senate 
decreed him the title of Augustus.* The grounds of this conjecture are, it is 
true, very far from being satisfactory, as there is little or nothing im the titulus 
itself to direct us to a settlement of its chronology. But the following facts are 
well known, and may be found available, at least in a remote degree, to our 
purpose, namely, that Octavianus is styled in medals the builder of the city of 
the Teians, in consequence of the munificence with which he contributed to its 
restoration ; that one of his first acts after the conflict at Actium, was, to arrange 
the affairs of the Roman provinces in Asia Minor, in order whereunto he visited 
that quarter in person, and remained in it for a considerable time; and lastly, 
that he consolidated his newly acquired supremacy by the permanent establish- 
ment of a large military force, of which one-third was quartered in the Asiatic 
provinces and those adjacent to them, namely, Egypt and Africa.f 

Now, this titulus makes express mention of the restoration of an important 
public edifice. If of the Teians, what seems more reasonable to conclude, than 
that the restorer had been one of the Emeriti of the emperor, who wished to pay 
his court to his sovereign by aiding him in his munificent designs, and who per- 
haps had been employed by him in carrying them out; who, moreover, turned 
the influence which his patriotism had secured him, to the best account, by 
facilitating the measures adopted by the emperor in order to the recruiting his 
standing army ? 

The first of the tituli of Aphrodisias, to which I now proceed to direct your 
attention, will illustrate the former of these grounds of presumption. This informs 
us expressly of its epoch, namely, the reign of the second Constantius Augustus. It 
likewise tells us, that it had been set up by a distinguished functionary, to com- 
memorate his restoration of that part of the fortifications of the city. Now, we 
possess independent evidence of Constantius himself having contributed to 


* Vid. Ancient Universal History, vol. xiii. p. 371. 
+ I may refer, for the foregoing statements, to volumes vii. p. 119, and xiii. pp. 366, 373, of the 
same work. For Augustus’ munificence towards the citizens of Teos there is numismatic evidence. 


Compare Eckhel. vol. ii. p. 564. 
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the very same repairs.* Here, therefore, we have all the facts we can desire . 
in the Teian inscription we require one, but this I should be disposed to infer 
by the very same process of reasoning by which I should arrive at the name of 
Constantius, supposing it to have wholly disappeared from the Aphrodisian monu- 
ment. 

My present collection contains two other inscriptions copied from well-mouths 
in the same direction with this last, but so very mutilated and indistinct as to 
convey no precise information. I shall not detain the Academy, therefore, any 
longer with these presumed memorials of ancient Teos, but proceed to the next 
site after Ephesus where my labours were rewarded in this field of research. 

This was Aphrodisias, a portion of the site of which is now occupied by the 
huts of the villagers of Gheyerah. 

Ere I proceed, however, to my details respecting this locality, it may be 
proper to offer a few words in explanation of what I stated in my former Me- 
moir on the subject of the inscribed records of Tralles. Whilst I remained at 
Aidin (the modern town which occupies the ground at the base of the ancient 
Acropolis), I devoted a considerable part of my time to visiting the existing re- 
mains of antiquity, to which the traveller ascends by a steep and rather rugged 
ascent from the quarter which is occupied by the Palace of the Pasha. His Ex- 
cellency had most kindly placed horses at my disposal, and ordered one of his 
medical attendants to accompany me during my progress, by which means I was 
enabled to have a sight of all its remarkable features without any loss of time. 

I was conducted by this gentleman to the ruins of the palace, gymnasium, or 
whatever else it may be called, which occupied the highest point of the citadel, of 
which three of the arches yet remain, the central one nearly perfect, and conducting 
into a court, the ground-level of which was profusely decorated with fragments 
of the ancient splendour of Tralles. Here are also remains of the Peribolus of 
the building, and on the road which runs parallel to these, fragments of a re- 
markable monolith of a rose-coloured granite, which it must have cost the bar- 
barians some trouble to reduce to its present state of shapeless ruin. 

Inscriptions exist in this building, which seems, like many others I met with 


* Viz. in a titulus which I copied when at Gheyerah. The reader will find it also in Mr. Fel- 
lows’ volume, ii. x. 18, p- 39. 


ee 
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in Asia Minor, to have been constructed, if not wholly, at least in great part, 
of the materials of previously existing edifices and monuments. Such, evidently, 
is the fragment from which Mr. Fellows copied the inscription that he has pub- 
lished in the second volume of his travels,* and which was pointed out to me by 
my attendant as we stood in front of the line of the arcades through which we 
passed into the inner court. He informed me at the same time that both this, 
and some others that exist amidst the ruins of the edifice had been copied by my 
predecessors in this route, an intelligence for which I had been prepared by the 
labours of Arundell, Pococke, and Walpole, within and around the site of 
Tralles.+ 

It is in this sense that I wish to be understood, when my statement in my 
former Memoir is read, namely, “that the site of Tralles supplied me with no 
tituli.”{ I meant, none which had not already been given to the public by 
the travellers whom I have mentioned. 

I may observe the same of Sultan-hissdr, the representative, not, as D’ An- 
ville has presumed, of Tvralles, but of the ancient Mysa, or rather the joint- 
representative, for the ruins of the latter occupy an intermediate position between 
two Turkish villages which lie on the southern slope of the Messogis ; of Nazli 
also, which the same distinguished geographer has erroneously made the successor 
of the Greek city, but which lies nearly a half-day’s journey distant from its site. 

I therefore conduct my auditory at once to Aphrodisias, which, though also 
pre-occupied ground, yet possesses remains of such beauty, and in such wonder- 
ful preservation, as to make it impossible for the traveller to consult his ease, or 


* See vol. ii. n.2, p. 17. 

J Comp. Pococke, Inser. Antig. Titt. i. iv. p. 17. Walpole, ii. p. 541. Arundell, Visvt, etc. 
pp: 357, 383. Classical Journ. vol. iv. p. 88. Boeckh. Corp. Inscr. n. 2639, ete. 

It was sufficiently strange, and proves the little attention which the first of these travellers paid 
to the monuments he visited, that he mistook altogether the site of Tralles. He made its present 
representative, Jha $jeS- yl, that of Magnesia ad Meandrum, as is clear from pp. 17, 32; 
but this oversight would have been at once rectified had he bestowed a moment’s attention on either 
of the inscriptions referred to above. 

The honour therefore of determining this site was (I believe) reserved for Chandler. 

{ Memoir, ubi supra, p. 127. I should mention, in addition to the names here referred to, 
that of Sir William Sherard, whose transcription of tituli at Atdin has been noticed by Colonel 
Leake in his Journal of a Tour in Asia Minor, p. 247. 
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defer to his predecessors. It is now considerably more than a century since Sir 
William Sherard visited this site, and transferred its most important fitu/i to his 
pages; and very recently, the Lycian traveller, Mr. Fellows, has gleaned amply 
from the same field.* Yet these considerations discouraged me not from pausing 
in my progress on the scene of their labours; I could not avert myself from the 
shrine of its tutelary, nor rest satisfied with a transient and listless glance at its 
memorials of past ages, nor close my ear to the accents which issued on all sides 
from those eloquent chroniclers of human sympathies, the altar, the pedestal, and 
the tomb. 

One thing however the labours of my predecessors had made it quite un- 
necessary for me to attempt, a perfect collection of the ¢2éwli existmg on the site 
of Aphrodisias. All that I proposed to myself, after the researches of Sherard, 
was, to form such a selection as would admit of my illustrating in essential par- 
ticulars, the history and the polity of the city. Icontented myself therefore 
with some fifteen or twenty of these records amidst the multitudes which attract 
the traveller’s attention on all sides, from the moment he enters the gate of 
Constantius on his way from the site of Antiocheia. These can hardly be said 
to amount to more than a fifth part of those actually existing, whereof the greater 
number are observable amidst the ruins of the wall that surrounded the town, 
the interior and exterior faces of which present an almost uninterrupted series of 
inscribed or sculptured blocks, evidently the spoils of the previously existing 
monuments of the city, whose name announced the object of its worship. It 
should appear, that no sooner had the citizens of Aphrodisias relinquished their 
idolatrous rites, than they repudiated also the title which recorded them, com- 
mencing at the same time the work of demolition amongst the monuments of 


* The late Sir W. Sherard, who was appointed by the Levant Company their Consul in 1702, 
appears to have entered this field of research with great ardour. Chishull states expressly that he 
has been mainly indebted to his and Lisle’s labours during two several excursions from Smyrna, 
made in the years 1709 and 1716. The interesting tituli which he has published, from the site of 
Teos, in his Antiqg. Asiatt., afford examples of this. 

Professor Boeckh has also transcribed from Sherard’s MS. the very complete series of Aphrodisian 
tituli which he has published in his Corpus Inscriptt., and which, as I have already stated, are now 
preserved in the British Museum. 

Mr. Fellows’ collection is also very ample, extending from n. 13, to n. 72, of his second volume. 
But I am inclined to think that the field of research in this quarter is by no means as yet exhausted. 


peere.+ 
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their heathen progenitors. Thus it was that fanes were dismantled, tomb- 
structures violated, statues displaced, and their shattered relics committed to 
the hands of the workmen whom they employed to construct the ramparts which 
even yet encircle so considerable a portion of the area of the ancient city. 

These, with other memorials of the same era, are rapidly hastening to the 
same destruction which awaited their predecessors. The columns and sculptures 
of the heathen temple are mingled in promiscuous ruin with the architectural 
embellishments of the Christian Church. The massive stonework of the ramparts 
is in gradual course of precipitation on the ground underneath, where the yet 
more ignoble destiny is reserved for it of administering to the exigencies of a 
Turkish mason, and being shaped into forms to suit his purposes. 

The temple of Aphrodite, the tutelary deity, as its name imports, of the an- 
cient town, arrests the traveller’s attention as he advances from the portal of 
Constantius towards the modern village. In its original state, as well from its 
position as the grandeur of its design, this edifice must have ranked amongst 
the chief ornaments of Aphrodisias. Iam here to be understood as speaking 
im an architectural sense, as the remains which Gheyerah even at present 
possesses sufficiently attest the existence of other works of magnificence, as, for 
example, its amphitheatre, which occupies a vast area, and still retains vestiges 
of the profusion of ornament which had been lavished on the architraves of its 
door-ways, its platforms, and arcades. 

I thought that I could perceive evidences in the architectural remains which 
cover the area of the temple, and are scattered over its precincts, of the changes 
through which the city had passed. The first which present themselves to the 
view, as we advance from the west, are two columns ofa bluish veined marble, 
with capitals of the Corinthian order. Those of the main body of the temple, or 
which enclosed the Cella, are of the Ionic. A little farther on we come upon a 
fragment of a fluted column, the capital of which has shared the fate of some of 
those on the north side of the temple, and lastly upon two others with the 
acanthus sculptured on their capitals, and that incongruous device of a later age, 
the spiral fluting, appearing on its shaft. 

These appearances may be regarded as affording evidence, that the original 
temple had received additions from time to time to suit it to the purposes of 
Christian worship ; and this opinion receives some confirmation from the actual 
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existence of what appears to have been the Baptisterium in those times, the font 
of which lies imbedded in the ruins in front of the northern facade. It was 
elaborately sculptured, with an inner basin of about eight feet and a half in 
diameter, and widening out to the brim to one of about twelve. 

Independently of these remains, there exist others between the base of the 
ancient acropolis and the ground in the immediate vicinity of the amphitheatre, 
which mark perhaps the site of the Agora. ‘These occupy a space lying to the 
east of the temple, but are, as I conceive, at too great a distance from it to allow 
the supposition, that they had been connected with that edifice. The line which 
these columns form, would, if produced, intersect an area near the amphitheatre, 
where I copied an inscription from a pedestal, which in all probability occupies 
its original position, and if so, with equal probability marks the site of the Forum. 

This titulus I have not been able to discover in the very ample collection 
which Mr. Fellows has published in his second volume of travels. Whether it 
exists amongst the number of those which Professor Boeckh has given from the 
MSS. of the late Sir William Sherard, I have had as yet no means of ascertain- 
ing. 

The following is a literal translation of this document, which had been un- 
fortunately so mutilated towards the close as to baffle all my attempts to decipher 
the characters. This is the more to be regretted, as the deficient portion contained 
the name of the personage to whom the state had decreed one of its most distin- 
guished honours. 


The most estimable 
Chief Archon, twice 
Questor, Registrar 
Of the people, twice Chief-Trustee- 
5. Of-the-temple of the goddess Aphro- 
dite, on several occasions Aed- 
ile, and who had discharged the 
duties of the highest magistracies ; 
who had also in his other official 
10. capacities performed good 
service to the city of his birth ; 
a kinsman of Tiberius Claudius 
Aurelius Cape- 
tolinus * * * * # ee # eK 
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I have concluded it as most likely, from the occurrence of the title ATO- 
PANOMOS: in the original, that this statue had been placed in a conspicuous 
quarter of the Forum. The fourth and fifth lines, also, APXINEQIIOION 


TH GEOY A®POAEITHE possess an interest, from the position selected 
being in full view of the structure, over the erection or the embellishment of 
which the relative of Capitolinus had presided. 

The portal by which Aphrodisias was entered on the side of Antiocheia 
(apud Meandrum), or from the west, is rectangular, and different from the one 
on the east, which is arched. I have named the former the gate of Constantius, 
from the circumstance of its being surmounted with an inscribed tablet, bearmg 
what may be termed a precatory title, on behalf of Constantius, Jmperator and 
Augustus. 

The stone has unfortunately sustained a fracture from the top throughout, 
which has obliterated part of the inscription, and distorted the lines. ‘Thus, the 
fourth has been entirely mutilated towards the close; the fifth has suffered 
injury, partly, as is probable, from design, and partly from accident; the sixth is 
entire in every part, excepting the commencement, to which damage has been 
occasioned, evidently intentional on the part of the author; the seventh has 
escaped unharmed, but not so the concluding lines, namely the eighth and ninth, 
of each of which I could only decipher the one-half. 

The following may be received as a literal translation of this document. 


Propitious (be) Fortune. 
For the health and safety and honour and victory 
And everlasting establishment of our lords, 
Flavius Julius Constantius, the pious, Imperator, * * * * 
5. The Augustus: and of « * * * * * # * # * # # * * 
* * * * * * * the most illustrious and most noble Cxsar: 
Flavius Quintus Eros Monaxius, the most distinguished Hegemon, 
And of the number of the Cretarchs, hath, for the illustrious 
(Metropolis of the Tauropolitans,) and one related to the Cretans, 


10. (Erected this portal) « * * * * # * # * # # # # # ¥ # F * 


This version has been given from a copy of the inscription which I made 


whilst on my way from Yeni-shehir, the supposed representative of Antiocheia ad 
E2 


36 Dr. Kennepy Batuiz’s Researches amongst the inscribed Monuments 


Meandrum, and which I subsequently corrected on a second visit to the portal. 
It will be seen by those, who may deem the matter of sufficient moment to inquire 
into, that my copy contains ¢en lines, including the fractured ones, whilst those 
published by Mr. Fellows, and, I believe also, by Professor Bockh, number one 
less. But, from the precautions which I adopted whilst on the spot, I hardly 
think that I can have committed any oversight, notwithstanding the perplexing 
fracture which ran through the tablet, in the due disposition of the lines. 

Of the concluding one but two or three letters were discernible, of which I 
have formed KATESKEYASEN. But this, for all the light which the titulus 
in its present state supplies, might have been KATESTHZEN, or ANE- 
=TH2EN, as in the seventeenth of the Aphrodisian inscriptions published by 
Mr. Fellows, which forms also part of my collection. 

There are several allusions in this titulus which are calculated to excite our 
interest. The words SQTHPIA, TIMH, NIKH, AIAMONH, recall forci- 
bly to our minds the events of the reign of the son of Constantine. His perilous 
conflicts with the second Sapor, the fall of Magnentius, his triumph over the 
Sarmatians, the exploits of Julian in Gaul, when as yet not more than two years 
invested with the purple, pass in review before the reader of history. Civil war 
and the aggressions of foreign enemies afforded ample materials for a votive in-. 
scription much more diffuse than that which we owe to the loyalty of Monaxius, 
nor was the last campaign of Constantius against his most formidable antagonist 
of so triumphant a character as to render the prayer the gratuitous effusion of 4 
mere courtier. 

The fourth line of this inscription gives Constantius, at least in my copy, the 
title AYTOKPATOQP. This is quite in accordance with numismatic language, 
in which this title, and its Latin equivalent IMPERATOR, are of constant re- 
currence. But it is proper to remark that Mr. Fellows’ copy gives, instead of 
this, AHTHTOY (rather AHTTHTOY) to which the fifth line of my copy 
has been subjoined. From this latter circumstance has arisen the difference in 
the number of the lines, to which I have already adverted. 

That AYTOKPATOPOS existed in the inscription I am quite confident, 
but by no means equally so, that it was succeeded by the epithet which Mr. 
Fellows, and, I believe, Professor Béckh, would substitute in its place. I could 
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discover no traces of it, unless the TOY before SEBAZTOY (which probably 
was the article) be regarded as its final syllable. 

Independently of this, it appears to me that to grace Constantius with the 
epithet wnconquered, or invincible, after his disastrous encounters with his 
Persian antagonist, would seem to imply a servility of adulation almost incon- 
ceivable, even in an Asiatic. 

If now we pass to the sixth line, we find a remarkable Lacuna. The name 
of the Cesar has been evidently erased, the space which it occupied presenting 
now a somewhat deep and continuous hollow in the tablet. The questions 
which arise here are, which of the Czsars had experienced this indignity, the 
motive which inspired the act, and its probable date. 

My answer to the first of these is, unquestionably the younger, who bears in 
the annals of our faith a worse than equivocal reputation, the celebrated Ju- 
lianus. The epithets which are here bestowed suit much better the conqueror 
of the Alemanni, than the morose and imbecile Gallus, to which it has been in- 
geniously added, that the antiquarian allusion at the close of the inscription 
savours of the learning which Julian cultivated and patronized. His brother, it 
is true, had been disgraced and virtually deposed, the fourth year after his 
investiture with the Cesarean purple, and finally expiated his misconduct with 
his life by order of Constantius, at the close of the year 354, A.C., between 
which period and the nomination of Julian in his place, some courtier or emissary 
of the Augustus may have studied to prove his loyalty by wreaking his revenge 
on fallen greatness. Nothing was more usual under the imperial dynasty : 

* * * * Sejanus ducitur unco 
Spectandus: gaudent omnes * * * ¥ 


Turba Remi sequitur fortunam, ut semper, et odit 
Damnatos*. *« * * * x * * * 


The probabilities, however, appear to me to be on the other side, more 
particularly as inspection of existing monuments fully proves that the Christian 
population of Tauropolisf was actuated with a most fervent zeal for the religion 


* Juvenal. Sat. x. 66, 73. 

+ This name occurs in Stephanus of Byzantium, De Urbibus, pp. 689, 759. Also in the titulus 
to which I have already referred as published by Prof. Boeckh and Mr. Fellows, not. supr. p. 30. 

The Christians improved additionally on this more recent name, having changed it to STAYPO- 
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which had happily supplanted the paganism of their forefathers. They recoiled 
with a pious horror from the associations which were connected with the ancient 
name of their city ; they despoiled it of its pagan decorations, or converted them, 
when it was possible to do so, to the purposes of their purer worship ; the forti- 
fications which encircled the town, which were due, in a great measure, to the 
prudent precaution of Constantius, even now, as I have already mentioned, pre- 
sent evidences of this disregard of the monuments of their Aphrodisian ancestors ; 
in the same spirit I conceive that the accession of Jovianus was marked by the 
insult to the memory of his predecessor which the architrave of the western 
portal of their city exhibits. 

In this view it affords a lively commentary on the accounts which have been 
left us by Libanius, Zosimus, Nazianzen, and other writers of the same period, 
of the exultation of the Christians on the one hand, and the despondency, on 
the other, of those who clung to their ancient superstitions, which were conse- 
quent upon the death of Julian.* By the latter his statues were placed in their 
temples amongst the images of their gods, whilst the former, who had not re- 
strained the ebullitions of their zeal, even during the plenitude of his power, were 
little likely to curb them when they had nothing to fear from his vengeance. 

There was retribution in this, as we may learn from the confession of even 
the heathen Ammianus. “He (Julian) enacted laws that were by no means 
oppressive, enjoining explicitly, or forbidding, certain things to be done; but to 
these there were some exceptions; amongst which I may reckon that harsh or- 
dinance whereby Christian rhetoricians and grammarians were prohibited from fol- 
lowing their professions unless they conformed to the worship of the gods.”= A 


cruel and arbitrary policy, and calculated to work its own revenge on the author! 
(or STAYPOY) TIOATS, one more congenial, certainly, to the new worship. Holstenius has re- 
marked this in his note on Stephanus, p. 316. 

* Compare, on the one side, Libanius, Serm. de vita sua, p. 45, c. Concio Funebr. (Orat. ix.) 
p- 251, b. Orat. x. p. 260, d. Zosimus, lib. iii. sub. fin. Zonaras, Blog. in ob. Julian. in Annal., 
tom. iii. pp. 23, s.; on the other, Nazianzen in Orat. iv. p. 117, a 

} “Jura condidit non molesta, absolute quedam jubentia fieri, vel arcentia, preter pauca ; inter 
qua erat illud inclemens, quod docere vetuit magistros rhetoricos et grammaticos Christianos, ni 
transissent ad numinum cultum.” Ammian. xxiv. 4. (Vol. ii. p. 47, Bip.) 

This is the testimony of a heathen; for the opinion of a professor of the proscribed faith on the 


subject, I may refer to Nazianzen. Orat. iii. p. 51, a., ete. 
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The foregoing observations lead to a probable adjustment of dates. I should 
be inclined to fix that of the inscription (which was most probably coeval with the 
construction of the portal) to the period when the Sapor invaded Mesopotamia, and 
threatened the Roman possessions in the east, to oppose whom Constantius took 
the field in person.* It appears from an inscription to which I have already 
adverted as having been published both by Mr. Fellows and Professor Béckh, 
that this emperor had been instrumental in erecting defences about Aphrodisias. 
The date assigned therein is the Eighth of the Indiction, that is, of a period of 
fifteen years commencing with the year 312 of our era. The addition of two 
indictions to this brings us to 342-343, the first year of the third indiction, 
the eighth of which accordingly fell upon the year 349-350, also remarkable for 
a brief termination of the struggle between the powers of Rome and Persia.t 

In the inscription upon which I have enlarged there occurs no precise date ; 
at least if any were mentioned, it has disappeared, by the mutilation of the 
monument. But the year I have already referred to, that is, of the renewal of 
the contest by the Sapor, by invading Mesopotamia, affords a probable epoch, 
on the ground that it formed part of the policy of Constantius to encourage by 
every mean in his power the construction of defences along so important a 
frontier as Asia Minor. 

This brings us to about the third year of the fourth Indiction, or 359-360 
after Christ. 

It now remains to assign the date of the erasure of the name of the Cesar. 

If it be granted that this Casar was Julianus, we have our choice of two 
dates, each in itself probable. The first is 361, A. C., when matters had pro- 
ceeded to the last extremity between him and Constantius, and he was required 
to surrender his imperial powers to officers appointed by the court of the 
Augustus.{ This haughty demand would doubtless be followed by unequivocal 
demonstrations of contempt and revenge on the part of the adherents of the 
latter, and this we are now considering may have been of the number. 

But it appears to me more probable that the indignity originated with the 


* See Ammianus, xx. 11. (Vol. i. p. 240, ss. Bipont.) Gibbon, Decline and Fall, etc., c. xix. 


p- 426. 
See Gibbon, c. xviii. p. 378. Univ. Hist. b. iii. e. 26, from Zonaras, tom. ii. lib, 13. 
4 


{ Gibbon, ubi supr. c. xxii. p. 91, s. 
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Christians, when the accession of Jovianus had restored them to their former 
influence. This fixes the date to the year 363, A. C. in the June of which this 
unlooked-for honour fell to the lot of the chief of the Domestici.* 

The Monaxius here mentioned as the builder or restorer of this part 
of the fortifications is styled, in the same way that Constantius is, in the 
inscription already cited from Mr. Fellows’ work, HTEMOQN, but whether 
civil or military is doubtful. In the stance of the Cxsar there can be no 
ambiguity, as he had been invested with a military command, and was engaged 
in actual service, at least at the epoch which I have assigned to that titulus, and 
this might lead to the conclusion that Monaxius was one of Constantius’ officers, 
and present with him during his last campaign against the Sapor. However 
this may be, there can be hardly any question as to the nature of his dignity of 
Cretarch; I mean, as distinguished from military rank. The words of Strabo 
are express on this point: 

« They (the Cretans) elect ten Archons ; but in their deliberations on matters 
of graver moment call in the Seniors (as they are termed) to assist them with 
their counsel.” It is true, he adds at the close of this chapter; “of this polity 
not much remains, but the government is conducted in conformity to the Roman 
institutions.”+ It seems, however, reasonable to suppose that either the juris- 
diction or the dignity of these Archons had survived their liberties. 

Another sense of this termCretarch occurred to me while considering the present 


titulus, namely, that of which such titles as Avkiapxns afford us a type. It is to 
be remembered that the Cretans were allied by blood with the Carians, three of 
whose cities, Miletus, Myus, and Priene, belonged to the celebrated Ionian con- 
federacy,{ which had its xowov, and by consequence its priestly officers, to preside 
over it.§ Following up this analogy, it seems not unreasonable to conclude, that 
Monaxius had been elected to perform the duties of a Kenarch (to use the term) 


* Vid. Ammian. xxy. 5. (Vol. ii. p. 49, Bip.) 

t "Apxovrac c déka atpovvrar Tepl O& TOV peyloTwY cupovrAoLe XOwvTaL TOILE YéoUGL 
caXoupévore’ kabicravrat © cic Touro Td auvédoLoy ot THe TOV Kéopwy apxiic 7etwpevor, Kat 
7a GAA OdKmor KoWspuevor * * * * Od wOANG OF Crapéver TOUTWY TOV VopiLwr, aAdXa roi¢ 
‘Pwpatwy diardypace 7a TAstora Svocetrat. Strab. x. 5. (Vol. ii. p. 385, Tau.) 

$ Vid. Herodot. i. 142. § See Van Dale, Dissert. iii. p. 281. 
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in Crete, and that he enjoyed the title mentioned in-the inscription just in the 
same way as the Presidents of the kocva in (for instance) Bithynia and Mysia 
did those of Bithynarch and Mysiarch.* 

These titles, like some amongst ourselves, were enjoyed by the personages 
who had been advanced to them even after the periods of their service. The 
official became an honorary distinction, and certainly well-merited, for the office 
brought with it no emolument to counterbalance the enormous expense which 
the discharge of its duties entailed. 

I mention this, as it tends in a great measure to obviate an objection to the 
sacerdotal sense of the term, arising from the declining fortunes of Paganism at 
this epoch. 

The Cretarch erects this monument in recognition of the ancient relation- 
ship which subsisted between the citizens of Aphrodisias and his countrymen. 
This respect to the ties of blood was one of the amiable traits in the ancient 
Greek character, and led very often to more important results than the erection 
of a monument or the repairing a fortification. Historical proofs of this will, 
doubtless, crowd on the recollection of my learned auditory, and save me the 
necessity of reference. Of the proofs from inscriptions, I could not present a more 
remarkable one than I have already done in the instance of my first titulus from 
the site of Teos, in which it is evidently made the basis of one of the most im- 
portant privileges which it was in the power of one state to confer upon another, 
the right of sanctuary. The same feeling pervades also the coordinate tituli 
which Chishull has published. 

The Cretan origin of the Carians is expressly stated as the opinion of some, 
by Pomponius Mela.f Strabof writes of the Caunii, inhabitants of a district of 
Caria, that their account of themselves was, that they came from Crete, and 
in this he but reiterates the testimony of Herodotus.¢ The historian, it is 
true, dissents from the tradition, but his statement in the preceding chapter 


* See note on the fifth line of the third of this series of inscriptions, p. 46, infr. 

+ “Caria sequitur; habitant incerte originis, (alii indigenas, sunt qui Pelasgos, quidam Cretas 
existimant,”) ete. De Situ Orbis, i. 16, (p. 25, Bip.) 

t Geograph. xiy. 2. (Vol. iii. p. 198, Tau.) Compare Plin. y. 29, 1; xxxv. 36, s. 

§ Vid. i. 172. 
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serves equally well to my present purpose, namely, that the Carians, under their 
ancient name of Leleges, inhabited the islands and were subject to Minos, but, in 
process of time, were expelled from their original seats by the Dorians and the 
Ionians, and migrated to the continent... This he gives as the tradition current 
among the Cretans themselves.* 

It should appear, then, that the Cretans of the age of Constantius were not 
behindhand with their progenitors in genealogical knowledge. It has been re- 
marked that the allusion here made savours much of the taste of Julian’s age, 
and on this, in particular, the conjecture has been founded that the name of that 
emperor should be restored in the sixth line; but this appears to be rather in- 
genious than solid ; instances without number might be cited of this taste for 


antiquarian allusion, which existed in all ages of the literature of Greece, and 


descended even to the Byzantine period. 

I now return to the inscription of which I have given a translation when 
commencing my notices of the Aphrodisian monuments, for the purpose of offer- 
ing one or two remarks. I have not met this in Mr. Fellows’ very ample col- 
lection, nor does it exist, I believe, in that of Professor Bockh. 

The government of Aphrodisias by Archons, a polity in remarkable agree- 
ment with their Cretan descent, is implied in the second line, as it is expressly 
mentioned in a titulus published both by Mr. Fellows and Professor Béckh, in 
which the following salutation occurs :} 


APXOYS3IN . KAI. TH . BOYAH. KAI. TQ . AHM©. XAIPEIN. 


Of these (the Archons) the unknown subject of this honorary titulus is de- 
nominated the Chief, as in the fourth line, he is styled APXINEQIIOIO2, 
that is, Chief of the Neopei. 

I have observed mention made of this corporation of the Neopcei in other 
inscriptions from this site. One, in a fragment of a sepulchral titulus which I 
copied from a slab of marble found by me in the upper course of a square en- 
closure outside the city wall, to the south-west. Another occurs in an inscription 
on a sarcophagus which Mr. Fellows has published in the second volume of his 


* Strabo reiterates this in xiv. 2. (Vol. iii. p. 208, Tau.) 
t See Travels, etc., vol. ii., Tit. xvi, p. 302. Béckhii Corp. Inser. n. 2743. 
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travels in these parts.* Both instances tend to prove that the officers here men- 
tioned possessed, not merely, as the etymology of the name would seem to indi- 
cate, a control over the construction and repair of temples, but also over the 
hereditaments or estates which were applied to the support of the sacerdotal 
establishments. Thus, in the titulus last-mentioned, the estate of the deceased 
person was to lapse from his heirs to the goddess Aphrodite (that is, to the sup- 
port of her temple and worship) on supposition of their failing to use all due 
precaution for preserving his sepulchre from violation, and the officers who were 
(of course, virtute offici:) to take the necessary legal steps, were the Neopeei. 

These functionaries are also mentioned by Aristotle,t at least im terms, for 
there being most probably a Lacuna in the passage to which I refer, leaves it a 
matter of uncertainty whether his vaozrovoé mean the builders of the temple, or 
officers whose duty it was to guard the sacred utensils from depredation. In 
either sense, however, there appears to be but an identity in the name, as the 
veorrotot of Aphrodisias were evidently intrusted with extensive and important 
powers over the funds which were devoted to religious purposes. Yet this might 
also have been connected with the guardianship of the temple-furniture. 

I pass now to another honorary inscription, which I copied from the wall on 
the east side. I select it for consideration at present from its containing notices 
of some important offices, one connected with the public games, the other with 
judicial functions. 

The following is the translation of this titulus : 


The Senator, 
Tiberius Claudius Attalus, 
Son of Lucius Antonius 
Claudius Domitius 
5. Diogenes, High Priest of Asia, 
And Nomothetes: 
The benefactor 
Of his native city. 


* See Tit. xli. p. 40. 

+ Vid. Rhetorica, yol. iv. p. 146, Ed. Bipont. The Athenian yeo@vaaxss mentioned by Arch- 
bishop Potter in his enumeration, b. ii. c. 3, (vol. i. p. 243, Edit. Dunb.) seem to have been the 
yeowowoi of Aristotle, and to correspond to the office of Sacristan in the Romish Church. 


F2 
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The above had doubtless occupied some conspicuous position, on the pedestal 
of a statue which had been erected to the honour of Attalus. As little respect, 
however, has been paid to his memory by the Christian inhabitants of Aphrodisias, 
as to those of the other distinguished personages of its heathen annals, whose 
monuments form an almost uninterrupted line along the circle of the ramparts. 

He was a Synkletikos, and therefore of an order superior to the Buleute, 
the distinction between which has been proved by Eckhel* to consist in this, 
that the one conferred senatorial, the other only municipal rank. This title 
occurs in another inscription amongst those I copied, in conjunction with the 
well-known Hypatikos, or Consularis ; and there is room for conjecture for the 
same usage having been observed with regard to it, as to the latter, namely, that 
it was as frequently as otherwise conferred as a mark of rank without reference 
to the abstract term. Thus there are numerous instances of persons being styled 
Consulars who had never been advanced to the dignity of Consuls, as for example, 
in one of the inscriptions which I copied at Philadelphia, and submitted lately to 
the inspection of the Academy. 

This Aphrodisian inscription has been published by Mr. Fellows, between 
whose copy and mine there appear two differences, but of no great moment. He 
reads Domitinus amongst the names of the Father of Attalus, confessing at the 
same time that it is of very rare occurrence. I can only state, that I think my 
copy; in the present instance, to be correct. 

Again, I read ASTAPXIEPEQ® in the fourth and fifth lines; the Lycian 
traveller, on the other hand, AZIAZ APXIEPEQ®. I only remark, that the 
more usual form in which this title was written, when its parts were separated, 
was apxlepeds aolas, or THs aotas, and so accordingly we find it in one of 
the tituli which I have brought from the site of Teos,{ and in another which Mr. 
Arundell has included in the list of his Eumenian inscriptions.¢ 

The form which I have given possesses moreover an additional recommen- 
dation, from its similarity to that of axvapxns, with which I regard aovapxeepevs 


* Doctr. Num. Vet., vol. iv. p. 190. See also Béckh. C. J. n. 2926. Gruter. Inscr. 400, 8, 
and 401, 1, referred to in Mr. Fellows’ volume, Tit. 40, p. 330. 

+ See Transactt., vol. xix. p. 128. Frascic. Inscr., Tit. iy. p. 32. 

t Vid. supr. p. 24. § See Visit to the Churches, etc., p. 349. 
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as synonymous, in its more general sense. This was an office of the highest 
distinction in the pagan times of Asia Minor. Its duties were onerous and en- 
tailed enormous expense. They could therefore be solicited or undertaken by 
those alone who could afford to sacrifice property in consideration of rank. 

The mode of their election was as follows: 

Each of the cities of Asia held, in the commencement of every year, a 
council, at which one of the chief citizens was nominated as a candidate. They 
then despatched ambassadors, one to some of the cities of chief note, and others 
to the general council (kowov ris aoias) to announce the name of the person 
so elected, from which number the Assessors of the council selected ten, and 
reported the same to the Proconsul for the time being. It remained for that 
functionary to choose the President, who was by eminence called the High-Priest 
of Asia, on whom devolved the office of exhibiting the games of the kowov avias 
in honour of the gods and the Emperor, and to whom, in general, was in- 
trusted the care of its temples and rites. 

The celebration of the former took place at the sole expense of these officers, 
in the same way as was customary at Rome with the Aediles and Pretors, and 
in the provinces, with the Duumviri, Decuriones, and Quinquennales, when 
inaugurated into their respective offices. Hence especial regard was had to the 
means of the several candidates for meeting this expense, and the event of the 
election afforded a sort of scale for estimating the opulence of the rival cities. 
Thus Strabo remarks it as a proof of the prosperity of Tralles, that it furnished 
a constant succession of Asiarchs to the General Council.* 

The passage in Eusebius,f where he states that Polycarp suffered martyrdom 
when Philip was Asiarch, and Quadratus was Proconsul, establishes the point 
that one of the body enjoyed that dignity by eminence, in opposition to Primate 
Ussher’s opinion that there were several. But the text{ on which he formed this 


* Vid. Geograph. xiv. 1. (Vol. iii. p. 188, Tau.) 

{ Hist. Eccles. iv. 15. Compare Eccles. Smyrn. Epist. Encycl. xxi., in Edit. Oxon. 1838. 

{ Namely, Acts, xix.31. The reader will find this point discussed by De Valois in his note on 
Eusebius, wu. s., p. 132, who is followed by Pitiscus in his Lewic. Antigg., vol. i. p. 189, s. The 
learned Van Dale combines both opinions, viz., that there were Co-Asiarchs, but that the supremacy 
was vested in one, of whom the others were the Assessors. See his Dissert. iii. pp. 274, ss. It is 
certain, however, as Eckhel remarks (vol. iv. p. 211), that no monument has been discovered which 
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fails in establishing it, and chiefly for this reason, that those who had once been 
elected continued ever afterwards to enjoy the title, in the same way as the High- 
Priests amongst the Jews. It is moreover to be observed, that no mention is 
made in this passage of the celebration of games, nor was Ephesus the only city 
of Proconsular Asia where the Asiarchs resided. 

The truth appears to be what I have already stated, namely, that the High 
Priest of Asia was chosen each year by the Proconsul, and that with him the 
other candidates were associated as Assessors, perhaps to assist him in the dis- 
charge of his important duties, as well as to obviate the chances of interruption 
to their fulfilment by his illness or death. 

I may here state in conclusion, and as illustrative of what I have already 
observed with respect to the term Cretarch, that we meet with these functionaries 
in different authors under the names of Bithynarchs, Cappadokarchs, Aetoli- 
archs, Syriarchs, Phenikarchs, Cypriarchs, &c. These appear to have been in 
their respective provinces, what the Asiarchs were in Proconsular Asia.* 

Like some other offices of the Asiatics this was not confined to men of the 
higher stations of society. Females also shared in the honours of the Asiarchate, 
as it appears from the tituli they did in those of an inferior grade, such as the 
Stephanephoria and the superintendence of the Gymnasia.t 

This remarkable fact appears obscurely in one of the inscriptions of Tlos 


bears the inscription ASIAPXHS . IIPOTOS, or A., as there unquestionably would have been, had 
these Assessors been proprio jure Asiarchs. 

The learned reader may consult, in addition to these authorities, Salmas. Hwercit. Plinian. 
p- 805, and Selden’s commentary on the fourth Arundelian marble, quoted by Ussher in Epist. Eccles. 
Smyrnens. c. xii.; also Wetstein. Nov. Test., vol. ii. p- 58. 

The ancient writers, viz., Aristides in Orat. Sacr. p. 8345. Philostratus, Vit. Sophist. xxi., and 
perhaps, Dio Chrysostomus, in Orat. xxxy., may be referred to for illustration of this subject. 

* Bithynia, Lycia, Crete, etc., having had, as well as the Proconsular Asia, their respective 
xowd, or General Conventions for sacred purposes, had also their Functionaries of the Priestly order 
to preside over them, viz., their Biduydpyces, Kpnragyat, etc. See Van Dale, Dissert. ubi supra ; and 
the note in the Patres Apostol., vol. ii. p. 571, Edit. Oxon. 1838. : 

T We possess the evidence of medals and inscriptions as to the fact of distinguished females 
having been admitted to the honours of the Stephanephoria, the Gymnasiarchia, the Hipparchia, nay 
even of the Neocoria, exclusively of the Asiarchate. 

There was, it is true, sound policy in this, as, doubtless, the circumstances of the individuals 
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which Mr. Fellows has published.* It was copied from the tomb of a female 
the upper part of which exhibits reliefs of gymnastic exercises. But the evidence 
which it affords of the fact under consideration is, as I have stated, imperfect, as 
the introduction of the word apyvepeias in the commencement of the titulus is 
wholly the editor’s own. 

I have observed also amongst Mr. Arundell’s inscriptions one from Me- 
tropolis,t in the eleventh line of which an equally obscure indication of this re- 
cognition of female influence may be traced. But in this case also the mutilated 
state in which the document appears precludes all possibility of exact inference. 

An argument, however, of a much more cogent nature is derivable from 
one of the ¢itwli,{ which I have submitted to the notice of the Academy in the 
commencement of this Memoir. It is, therefore, unnecessary for me to enlarge 
further on this point than merely to observe, that the evidence of the Teian in- 
scription appears so conclusive as to leave no doubt remaining on the subject. 
At least, I trust that, as far as our present research is concerned, all doubt has 
been dissipated ; and this, as well for the establishment of an interesting fact, as for 
the sake of Greco-Roman civilization ; for it is, I believe, pretty generally con- 
ceded, that this condition of society is high or low in its degree in a direct pro- 
portion to that in which the rights of woman are acknowledged or disregarded. 
A more convincing proof of the truth of this axiom could not be desired than the 
melancholy contrast which these countries now exhibit. 

My next inscription was also copied from the east side. The stone on 
which it appeared was once the pedestal of a statue. The following translation 
exhibits as nearly as possible the order of the lines in the original : 


thus honoured were an important ground of consideration, all these offices entailing expenses which 
it required no ordinary fortune to bear. 

The reader is referred to the following authorities for these statements. Chandler, Znscr. Antiq., 
p- 19, m. 54. Osann. Syllog. Inscriptt. (ex Marm. Elgin.) p. 166, ». 59. 1. p. 350, ii. 12, 5. 
Eckhel. Num. Vet. Anecd., p. 248. Doctr. Num., vol. iv. p. 217. 

* «Discoveries in Lycia,” p. 185, Tit. 131. Compare p. 68, T. 80. 

+ “ Visit to the Churches,” etc., p. 347, n. 5. 

¢ See above, p. 24. 
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Claudia 
Antonia 
Tatiana, 
the most ex- 
5. cellent cou- 

sin of the Clau- 
dii, Diogen- 
es and At- 
talus, of sena- 

10. torial rank, 
who in all things 
according to the pattern 
of her ancestors 
hath approved herself benevolently disposed 

15. towards the city : 
The erection 
of the statue 
having been 
confided to 

20. Tiberius Claudius 
Capetolinus. 


On this I beg attention to a very few remarks. 

It has been published by Mr. Fellows amongst his other inscriptions from 
Aphrodisias, with a notice by the editor of that portion of his valuable Diary, the 
trouble of which would have been saved had the correct reading been given in 
the line to which he refers. ‘That reading is, as it appears in my copy, 2YN- 
KAHTIKQON, and expresses the rank of the persons whose names immediately 
precede it.* 

Again, in the thirteenth line, my copy exhibits EYEPETHN, that of Mr. 
Fellows, EYEPTETIN. Here, I conceive, an over-studiousness of accuracy 
has led his editor into error; for evepyérys is not only a substantive, but also an 
adjective, at least in the Asiatic Greek.t I would accordingly translate the 


* Fellows, ubi supra, p. 328, Tit. 38. 
{ Thus Lucian, De Gymnas. xvii. (Vol. vii. p. 171, Bip.) wore evspyerns duay o ctvhe cvars- 
LATE 


—_— 
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word so as to mark its concrete sense, but not benefactress, although in point of 
meaning I gain little by so doing. I wish, however, even in a minute point like 
this, to establish the accuracy of my note-book by shewing that it agrees with a 
dialectal usage. 

The last observation I shall make is, that my copy restores to its right 
possessor the honour of having undertaken the kind office he did on behalf of a 
public benefactress, and, probably, his own relative. Capitolinus was his sur- 
name, which Mr. Fellows’ translation makes Attalus, supplying, at the same time, 
a notice of his descent, of which the sculptor, in all probability, was not aware.* 

Aphrodisias was entered on the east side by a portal, which presents features 
of much more elaborate architecture than the plain, rectangular passage which 
was, as we have seen, surmounted with the Monaxian tablet. ‘The former 
possesses all the characters of a triumphal arch, is more ample in its dimensions, 
and more ornate in its embellishments. If we are to judge by the profusion of 
architectural remains which lie at its base, and are scattered on all sides over a 


* Mr. Fellows’ copy (vol. ii. p. 828, Tit. 38,) reads the concluding lines as follows : 


TIo.KAo KA 
TOAXSINO 


which his editor translates, Ti. Cl. Aitalus, the son of Diogenes. 
The true reading is, 
TIlo KAoKA 
MIETQAEINOY 


as it appears in the transcript which I made. Had Mr. Fellows or his editor seen the first of the 
tituli of Aphrodisias which I have given an account of to the Academy, it is probable that this mis- 
take would have been avoided, as that supplies us with the full name of the commissioner here 
appointed to take charge of the erection of the statue in honour of Claudia Antonia, viz. Tiberius 
Claudius Aurelius Capitolinus. 

One of Mr. Fellows’ own inscriptions might, in truth, have obviated the error, namely, n. 29, 
p- 322, wherein, as in mine, the names of Capitolinus are recited. 

I dwell on this seemingly unimportant point, inasmuch as I regard it as by no means the least 
interesting of the titulist’s labours, to elicit from his monuments as consistent notices as he can of 
the family circumstances of individuals whose names they record. Such might occasionally throw 
light on the annals of their respective states or communities. This is what Mr. Fellows (or rather 
his editor), himself has done, in his remarks appended to his twenty-sixth inscription, p. 318, wb: 
supra. 
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considerable space in front of it, of which number shafts of colums with spiral 
fluting, and capitals, are the most numerous, we should conclude that much of 
the magnificence of the ancient city was congregated within these precincts. 

Tituli are also, in this immediate neighbourhood, crowded together in a most 
embarrassing profusion, on both the interior and exterior faces of the wall. I 
observed the remains of one which had been sculptured on the abacus of an 
Ionic column, but is now nearly illegible. The singularity of its position attracted 
my attention, and I paused for some time in my progress along the rampart to 
examine its contents. 

I thought I could trace with tolerable distinctness the first two petitions of 
the Lord’s prayer, but in an inverted order,* on two consecutive faces of the 


abacus: EAGETQ H BASIAIA (i. e. BASIAEIA) SOY . TO ONOMA 


OY ATIASOHTQ. Nearly in juxtaposition with this monument, and built 
into one of the lower courses of the wall, to the left of the portal as it was en- 
tered, I observed a mutilated inscription TOIIOZ ®IAOGE . . , the place loved 
by God, that is, dedicated to his worship. 

I should conclude from all this, that a Christian temple had occupied some 
spot in the immediate vicinity of this gate, and one that either had been erected 
from the spoils of some pre-existing heathen edifice, or had been adapted there- 
from to the purposes of Christian worship. 

However this may be, the monument of which I have spoken—the inscribed 
capital—goes hand in hand with many other relics of the same kind observable 
in this ancient site, in marking the transition which took place from the impure 
Aphrodisian idolatry to the religion of the Gospel. Indeed, in exact proportion 
to the zeal of the pagan devotee was that which animated the Christian patrician 
of the town; not only were the monuments of the former either defaced, or made 
subservient to holier purposes, but, as we have seen, the very name of the city 


* This, it is clear, may have arisen from the position of the capital as it lay when I examined it. 
The inscription encircled the upper part, and the inversion may not have existed when the column 
was in its erect position, and wholly exposed to view. 

I subjoin a fac-simile of the titulus, in order to enable the reader to judge of the probability of 
my conjecture. I mean, of course, of that part of it which lay uppermost. 
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was changed. ‘The offensive designation of Aphrodisian was laid aside, and re- 
placed with Tauropolitan, or, to mark more emphatically the change which had 
taken place, with Stawropolitan. ‘The favoured sanctuary of Aphrodite became 
the city of the Cross.* 

Ere I left this spot, I copied from a marble block in the imner face of the 
wall, and to the right of the portal on that side, an inscription which has, I 
perceive, been published by Mr. Fellows, and (at least in part) by Professor 
Bockh. 

This had been divided into two, occupying distinct compartments of the 
stone. They are accordingly given as two independent tituli by the former of 
these writers.— But any one who may take the trouble to compare my transla- 
tion with the copy which his volume contains, will at once perceive that I have 
restored the inscription to its proper unity. 


The Senate and People have honoured 
with suitable and becoming 
honours, Nezera Ammia, daughter of 
Menecles, who had been 
5. the wife of Metrodorus, 

son of Metrodorus Demetrius, 
in consideration of her having lived 
with decorum and sobriety : 
As also Metro(dorus) ..... 

10. and the deceased Metrodorus, 
son of Metrodorus Demetrius, 
in consideration of his exemplary life, 
his honourable emulation in the discharge of public duties, 
and his alacrity in his magisterial, 

15. also in his engagements, and superintendence of public works, 
and the other services which he rendered to his country. 


* See note, f, p- 37, supr. + See Discoveries in Lycia, etc., p. 323, Titt. xxx., xxxi. 
t There is a doubt here. Mr. Fellows has copied in his Inscr. xxx. 3, AHMHTPION, which in 
my transcript is AHMHTPIOY. I have accordingly rendered the eleventh line, Son of Metrodorus 
Demetrius. But I shall not positively say that the genitive is the correct reading, as the last letter 
was very indistinct on the monument. 
G2 
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It thus appears to have been a testimony on the part of the municipal authori- 
ties of Aphrodisias in honour of the husband and wife, with whom appears to have 
been associated another Metrodorus, who had not as yet deceased. The name of 
this last appears, at least in great part, upon the tablet, but from his not paying 
due attention to it, Mr. Fellows has been forced to offer the following translation 
of the second line, The Council and People honoured, even after he departed, 
Metrodorus, etc.; as though posthumous honours were things of rare occurrence 
in ancient states. 

Ere I pass from this titulus I beg to direct my learned audience to what ap- 
pears to me to be an idiom of singular beauty in its language. I have observed it 
in Dio, Herodian, Strabo, and Polybius; amongstthe Attic writers, in Lycurgus.* 
The words which I have translated the deceased Metrodorus, are literally, Me- 
trodorus who hath exchanged, namely, the present for another state of being. 
This is the form used by Polybius. In the others the word Biov is most generally 
annexed. MeradAaooev tov Biov! How superior to the host of other ex- 
pressions by which death is denoted! It carries the thought beyond the point 
where these for the most part leave it, the present world, its employments, and 
its distinctions: it expresses death by life; mortality by the existence which 
supersedes it, and reverses its doom. 

This reminds me that I have yet another class of tituli, which in Aphrodisias 
are very numerous, and afford much valuable information to the student, to bring 


The difference, with respect to Newra Ammia is, that in the one case she would have been the 
wife of a Metrodorus, in the other, of a Metrodorus Demetrius. 

I should conceive that the Metrodorus mentioned in the 9th line was the same person with the 
M. Demetrius of the 11th, the senior of the family, who survived to witness the honours paid to its 
members. 

The difficulty which a reader of Mr. Fellows’ work experiences in this part, arises from his re- 
presenting Nos. 30 and 31 as separate and independent tituli, and also from his not having traced 
with sufficient accuracy the first line of the latter, in which the characters MHTPO were quite dis- 
tinctly to be seen. He has, moreover, transposed the first and ninth lines. 

As to lines 4, s. of my version, which in the original appear thus, T'YNAIKATENOMENHNMH 
TPOAQPOY, they admit of sufficient explanation by the decease of the Metrodorus mentioned in 
line 10. There is no necessity for concluding that the honour decreed to Newra was posthumous. 

* Vid. Lycurg. adv. Leocrat. xii. Compare Polyb. vy. 35, 2. Dio, Ixviii. 4. Herodian, iii. 15, 


etc. 
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before the notice of the Academy, the sepulchral. I therefore refrain from 
making any further observations on the other inscriptions of the honorary class 
which I possess, as they are mostly all expressed according to the same formula, 
and afford but little information of a verbal nature, distinct from the notices 
which they contain of personages and their respective families, which might be 
useful were it my object to write a history of the city, or present my hearers with 
an outline of its municipal transactions. 

The reason why the entaphial inscriptions possess a peculiar value is, because 
they detail with great minuteness the modes in which the right of sepulture was 
secured to this or that particular person, to the exclusion of all others ; the com- 
partments which had been so assigned in each instance; the legal forms to which 
the founders had recourse to maintain their rights inviolate; as also, in certain 
cases, the religious ceremonies which were requisite. To bring these before the 
view of my learned auditory, in as brief and satisfactory a form as circumstances 
admit, shall now be my care, and for this purpose I select from the number of 
those I have copied one in particular, to which, as a type of the rest, on a con- 
siderably enlarged scale, I may direct their attention. 

The following is the translation of this titulus, as complete as it can be made 


from the existing state of the monument : 


Eudamus,* son of Apellas [?], son of [Zeno ?], son of Zeno, son of Eudamus [was the founder 
of this monument], and 

Of the sarcophagus resting on it, wherein, that is, in the sarcophagus, are to be buried 
(himself, the aforesaid, | and 

Aurelia Tatia, daughter of Papias, the pancratiast, son of Pereitas, and 

Aurelius Dionysius, sixth in descent from Chrysogonus, son of Tatia, daughter [of Papias, 
and | 

5. Aurelius, his children also, Apellas and Eumachiana, and Aufrelia, daughter of « * * * and 

Tib]erius Claudius Achilles, son of Tolmides, his wife: [but in the underlying } 

Compartments are to be buried those to whom Eumachus may be pleased to grant per- 
mission * * * * 

To be laid therein, and his posterity alone ; but no one else [is to enjoy the privilege 

Of enclosing any one] in the sarcophagus, or of removing it ; neither is he to have the power 
[of allowing to another the use of the sarcophagus], 


* Professor Béckh (Corp. Incr. n. 2834) proposes to read here EYMAXOS, on the authority 
of the seventh line. But EYAAMOZ most certainly appeared on the marble. 
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10. Or of the tomb itself, or of the compartment separate from it; neither is he to devise any ex- 
pedient [whereby it may be alienated ] 
Under any pretence whatsoever ; but after the burial [of all the aforesaid] 
The monument is to be converted into a Heroum; whereupon, should any person attempt 
either to bury [any one in the sarcophagus], or in 
The compartments, or to move the sarcophagus, or to act in any wise contrary [to these 
provisions ] 
Let the delinquent himself, and he who engages with him, be accounted a tomb-breaker, 
[and impious, and] 
15. Accursed, and let them, namely, the delinquent, and he who [engages with him], be bound 
to pay [to the treasury ] 
Of the Roman people, ten thousand denaria of silver, and not less, The Heroum 
[Is to be consecrated} after the burial [of all] the aforesaid therein. A copy 
Of this epigraph was entered in the Chreophylakion, [during the Stephanephoria of Ze[no, 
Fifth in descent from Archimedes, [on the th] of the month of Trajanus Augustus. 


This most valuable and interesting inscription was copied so long ago as 
1705 by Sir William Sherard, during his excursion through this quarter of Asia 
Minor, accompanied by the British Chaplain, the Rev. John Tisser, Dr. Picenini, 
and two of the leading merchants of Smyrna, and has been published from his 
MSS. (which form part of the Harleian collection) by the learned Professor 
Bockh, and more recently by Mr. Fellows,* from personal inspection of the 
monument. I found it in the same position which it then occupied, namely, in 
the exterior face of the wall where it bends to the south-east, but so buried in 
the heap of rubbish which had accumulated at its base, that it cost me a good 
deal of trouble to have it removed. This operation was superintended by me 
under the influence of a noon-day sun in the month of August, an inconvenience, 
as I can assure my auditory, of no slight amount, in the latitude of Aphrodisias. 

This, as well as the injuries which the stone had sustained from the me- 
chanical process of copying that had been adopted by my predecessors in the 
labour, cost me three successive visits to the spot, and considerable exertion of 
my visual organs to elicit the true readings. I can only add, that I think I have 
succeeded in my object. 

I have compared my copy with that given to the public by Mr. Fellows in 
his interesting volume, whose editor has followed Professor Bockh in his ex- 


* Ubi supra, Tit. xliy. p. 338. Compare Bickhii, Corp. Incr. n. 2834. 
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planatory notices. We agree in the main; the points in which we do not are 
best reserved for a more favourable time and place than the present ; my in- 
tention now is, to offer a few remarks on the principal antiquarian allusions 
which render this document so valuable, and which may be reduced to the 
general heads of the genealogical, the architectural, and the municipal. 

(a.) We have seen that the epigraph opens with a statement of the descent 
of the erector of the monument, which, so far as we possess of the document, 
comprises five generations. It is evident from their other tituli remaining to 
us, that the people of Aphrodisias were studiously observant of this branch of 
etiquette in their legal formularies. When more than five generations were to 
be noticed, their mode of abridging the trouble of setting down the names in 
order was, to dispense with all but the extremes, and mark by wevraxis, €Eaxcs, 
etc., the number of successive descents from the point of origin. But this, in- 
deed, is very usual, even when no more than two, three, or four descents were 
to be noticed; and thus we have dis, rpis, Terpakis, expressing the relation of 
a person to his grandfather, great-grandfather, or great-great-grandfather. 

In this way, the relationship between the first and last Eudamus, in the titu- 
lus before us, would be expressed, evdapos terpaxis evdapov, Apellas being 
supposed his immediate progenitor. 

Whenever it happened that individuals of the same name occupied the suc- 
cessive generations, the genitive after the numeral is dispensed with. Thus, had it 
so happened, that the name Eudamus had been transmitted from sire to son for 
the five generations supposed to be recorded in this inscription, the expression 
Evdapos terpaxts would have been sufficient to account for his descent from the 
first mentioned of the name. 

Sometimes a still more abbreviated form was used, namely, in short tituli, or 
where there was no room for dilating, or, perhaps, no necessity for so doing, from 
the formula not being tied down to legal phraseology. This consisted in the 
substitution of the numeral letters, B, I, A, etc. for their respective values. 
Thus Evéayos T Zivevos would mean Eudamus, great-grandson of Zeno, and 
Evdapos 1, Eudamus, the great-grandson of a person of the same name. 

The titulus before us affords two instances of this peculiar mode of expression, 
one occurring in the fourth, the other in the last line. The first of these runs 
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thus: AYPHAIOS AIONYSIOS EZAK. TOY XPYSOTONOY, that is, 
siath in descent, or in the sixth generation from Chrysogonus. The relation- 
ship between them was, therefore, the same as between the Tritavus and Trinepos 
of the Romans. That mentioned in the last line, namely of the Stephanephoros 
for the time being, was the same as between the atavus, and adnepos, he oc- 
cupying the fifth generation from Archimedes. 

An inscription from Js/ekli, the representative of the ancient Eumenia, which 
has been published by Mr. Arundell in his “ Visit to the Churches,” furnishes 
an instance of the more abbreviated form, in which the numeral letter is used. 
The commencement of this may, perhaps, be restored as follows: EPPQZ6E . 
AYP . TEMEAAOS MHNAS BOYAEYTH? TOIS TAYKYTATOIS 
TONEYSIN AYPHAIOIS MHNA. B. TOY ®IJAITITIOY x. 7. X. that 
is, to Aurelius Menas, second in descent from, or grandson of Philippus. 

One of the inscriptions which Mr. Fellows copied on the site of the ancient 
Lycian town of Sidyma affords repeated illustrations of this idiom. We read, in 
the eleventh line, AIX TOY TITOAEMAIOY, viz. grandson of Ptolemeus ; 
and in the commencement EITATAGO2 AIS, that is, Hpagathus, grand- 


son of Epagathus ; and lastly, im the fourth line, EITATAGQ TPIS, that is, 
to Epagathus, great-grandson of another of the same name. 

A great many other instances might be cited from the collection of this in- 
defatigable traveller, but this may suffice as an example of all.* 

(b.) I now pass to the observations which I am to make on the architectural 
terms which occur in the course of this titulus. We meet with the following : 
Bopos, Eiodotn, Mvnuetov, Sopds, to which I may add [Aaras and Eiéo- 
dopos, the former occurring in a short inscription which I copied in the hut of 
one of the villagers of Gheyerah, and the latter supplied by Mr. Fellows in one 
of the tituli which had been published from Sherard’s MSS. by Professor 
Bockh.f 

These I shall discuss in their order, commencing with the substruction of 
the monument. 


* Compare Arundell’s Visit, etc., p. 379, namely, the titulus there published, from the site of 
Eumenia; Fellows, ubi supra, Titt. xxv., Ixxxix., c., cii., cliii., liv., ci. 
T Vid. Corp. Inser. n. 2840. Disc. in Lycia, Tit. xlv. p. 340. 
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This, or the 7Adras, appears to have been divided into certain compart- 
ments, sepulture in which was generally granted to the less distinguished members 
of the family of the erector of the monument. Then followed the Bapos, or altar, 
sometimes called the r¥uBos, sometimes pvnpetov, which rested on the 7Aaras, 
and was also partitioned into cells (eia@a7ax), for the same purpose. ‘This sup- 
ported the gopos, or sarcophagus, which was reserved for the chief members of 
the family, but with an intermediate monument sometimes interposed, called the 
Eidopopos, itself contaming an eiaworn, for the junior members, or whomsoever 
else the founder or purchaser should select as entitled to the privilege. 

If to these we add the copiov and drocopiov, the former of which appears 
to have been synonymous with, or a diminutive of copos, the latter, by its com- 
position, the substruction on which it rested, the B@pos, and perhaps, the 7Aaras 
also, that is, im general, the whole monument as distinct from the sarcophagus, 
we are in possession of the chief features of the sepulchral structures of Aphro- 
disias. 

Before dismissing this head of my subject, it may be proper to advert to, for 
the sake of correcting it, an assertion which the editor of Mr. Fellows’ Greek 
Inscriptions has ventured in his preliminary remarks on one of those from the 
site of Aphrodisias. This is: ‘that the words 7Aaras and eicéary constantly re- 
cur on monuments of this kind at Aphrodisias, but are not met with in other Greek 
inscriptions and authors.”* With respect to the first of these terms, this dictum 
may be correct ; at least, ] am not prepared to contest its accuracy; but in the 
case of the second, I must be allowed to observe, that in one of the tituli which I 
copied on the site of Thyatira, and which I had the honour of submitting to 
the notice of the Academy on the occasion of my last Address, I could evidently 
perceive one-half of the word ETTIQSTON. These also were Eiodoraz, but 
the reason, as I conceive, of the slight alteration was, the construction of the 
sentence, which appears to have been as follows, rav éyKemevav emt THS Topov 
ETLOOTOV ...++.kaTacKevactas, who added the compartments which lie over 


* Disc. in Lycia, Tit. xl. pp. 40, 331. 
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the sarcophagus. We might here have expected éreec@arwv, but I am confi- 
dent that this was not the reading.* 

(c.) I now proceed to my third head, which relates to the legal, or as they 
may be termed, the municipal, provisions mentioned in this epigraph. 

We find it stated, that a counterpart (avt/ypadov) of the document was en- 
tered in a certain registry office called the Chreophylakion, during a certain 
magistracy, and in a certain month. The exact day was given, but here, as in 
other parts, the inscription was illegible. 

The first of these procedures appeared to have been necessary, in order to 
secure the founder’s property in the monument. We find, in the similar in- 
scriptions of Thyatira, the same formality explicitly mentioned ; but in the pre- 
sent instance, indeed in all which Aphrodisias supplies, instead of APXEION, 
we meet with XPEOP®YAAKION. This, as its name implies, was the office in 
Aphrodisias, in which all deeds, bonds, or, as we should express it, judgments 
affecting real or personal property, were deposited, with a view to securing it to 
the purchaser or the mortgagee. Without this procedure neither the erector, 
nor the purchaser of a right of sepulture, nor the lender of money on the security 
of lands or tenements, appeared to have made what we would call a safe invest- 
ment of the purchase-money. We find it, accordingly, occurring in another 
document of the same class with that which I have been elucidating, wherein 
there appears to have been mentioned a cession of a right of burial, or perhaps a 
transference of tomb-property, on the part of the erector of a monument or his 


* The reader will find this subject adverted to in my Fasciculus Inscriptionum, pp. 73, s. and 
in the part of my Auctariwm which relates to the 7th of the Thyatirene tituli. 

‘Yrordpsov and Sépsev have been here added from Mr. Fellows’ volume, Tit. lv. 10, clxxsii. 6, 
exciii. 2, In the second of these I conjectured at first sais 3 é dxderac, thus introducing a new 
émak reyiuever into the Lexicons, to express the cells of the radras But this reading I now think 
to be hardly tenable. 

We deduce, additionally to the above, ézogiov, from Pococke, Inscr. Antiq. p. 23, n. 12, and 
éyyzov, from an inscription quoted from Patin by Van Dale, Dissert. y. c. 1, p- 375. This last we 
also find in certain inscriptions from Alabanda in Mr. Fellows’ work, p. 57. 

It served, perhaps, the same purpose with the urns mentioned by Abp. Potter (Arch@ol. Grac., 
lib. iv. c. 6), namely, to preserve the ashes of the dead, Adgvanec, (comp. Iliad, #, 795.,) sarobiixcs, 


arrodoxtie, xewrcot, etc. 


; 
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representatives, to another party named Chresimus. ‘This cession was variously 
termed, €xdoois, ovyxepnois, Tapaywpnors, the first of which words may be 
translated deed of assignment, the second and third meaning perhaps the act which 
such deed made binding by its regular enrolment in the proper office. This act 
differed essentially from the araAAorpiwors, which we find in certain tituli so 
peremptorily forbidden, in that such cession might be effected in the way of sale, 
and saving the rights of the original proprietors, whereas the amaAdorpioors 
was a diversion of the usufruct altogether into another channel, with no regard 
to the will of the testator. 

This proceeding by synchoresis is frequently adverted to not only in the in- 
scriptions of Aphrodisias, but in those of Lycia, which Mr. Fellows has collected, 
viz. from Tlos, Telmessus, and Antiphellus; and appears also at the close of the 
Eumenian titulus which I have already cited from Mr. Arundell’s volume; but 
in none is the legal formality so distinctly specified as in the Aphrodisian in- 
scriptions. These limit the persons who were to exercise the right, and inform 
us that it was to be done by writ (eyypapas) passing through the office of the 
Chreophylakion.* 

These remarks concern the daw of Aphrodisias. I now proceed to offer one 
or two with respect to its municipal institutions. 

What is particularly deserving notice under this head is the office of the 
Stephanephoros, which, without doubt, was mentioned after the word XPEO- 
@®YAAKION, with which the last line but one concludes. The formula is 
easily supplied from another sepulchral titulus copied by me from a marble slab 
which lay exposed to view in a wall of a rectangular enclosure outside the ram- 
part. This I at first took to be the site of the registry office above mentioned ; 
but I changed my opinion after a little reflection, as it certainly was not in the 


* Vid. Arundell, Eumenian inscript. 1. 16, in Visit, etc., p. 879. Discov. in Lycia, p. 333, Tit. 
xlii. 3. 6, p. 348; li. 6, p. 879; cix. 17, p. 391; cxxx. 4, p. 3925 exxxii. 6, p. 3955 cxxxiv. 6, p.396 ; 
exxxv. 4, p. 4215 clxxxiii. 4. The 3:¢rx%i¢ mentioned in the first of the above seems to have ex- 
pressed the provisions of the #d0c:; mentioned in |. 3, or of some other modifying it. 

Between Synchoresis and Parachoresis, there might seem to have existed some difference. The 
first may have been an act either of the founder of the monument, or in conformity to his will; the 
latter not so, and differing from the Apailotridsis solely in this, that it implied a reservation of the 
right, of which the /ess leyal proceeding was wholly an alienation. 

H 2 


60 Dr. Kennepy Batvin’s Researches amongst the inscribed Monuments 


quarter of the town which had been occupied by the Agora, and the buildings 
connected therewith, amongst which it is highly probably that the Chreophylakion 
was one. The existence, moreover, of the marble fragment which I have men- 
tioned, amongst the remains of its mason-work, proves that it had been erected 
out of the same materials with the ramparts (which contain, as we have seen, so 
many memorials of Aphrodisias), and of course subsequently to the date of the 
Chreophylakion. 

The supposition, therefore, is more probable, that it formed one of the outer 
works of the fortifications which had been erected in the time of Constantius, 
when the important positions of Asia Minor were strengthened against any 
possible attacks from the growing power of the Persians under their second 
Sapor. 

To return from this digression; I think it so evident that the words 
EI STE®ANH®OPOY are to be restored to this titulus, that a few ex- 
planatory remarks as to the nature of this office may not be regarded as out of 
place. 

The name, as in other instances, appears to have been adopted from the 
Athenians, amongst whom the Stephanephorot were officers of sacerdotal rank. 
The Hierophant, who presided over the Thesmophoria, was a Stephanephoros, 
and so was also the High Priest of Pallas. So far there is ground for Passow’s 
explanation of the term, who parallels the office with that of the #Vamen* amongst 


* Passow’s explanation (Handworterb. ii. p. 956, a.), of SrePavnse0s is, eine obrigkeitliche Person 
in den Griechischen Stadten, die mit dem flamen der Romer verglichen wird. This is in conformity 
to Van Dale, who states it as his opinion that the Stephanephovos was the Flamen, or Neocoral 
Priest, of the Augusti. Vid. Dissert. vy. c. 1, pp. 360, ss. 

The reader who desires more ample information on this subject is referred to Selden, ad Marm. 
Arundel. p. 135. Tristan, p. 598. Spanheim, Dissert. v. pp- 248, s. Eckhel (who professes to 
follow Selden and Van Dale), vol. iv. pp. 212. ss. 

It appears from monuments that the Stephanephore ranked in some cities amongst the Epony- 
mous magistrates, that is, such as distinguished by their offices the years in which they held them, 
and thus supplied the Fasti with dates. Vid. Philostr. Vit. Sophist. ii. 26, 2. Spon. Miscell. Erud. 
Antiq. p. 353. These refer to Smyrna; the probability is also, that they enjoyed the same rank in 
the confederate city of Magnesia, at least if we are to conclude from the Marmor. Oxon. II., 
which recites the treaty between the Magnesians of Tonia and the citizens of Smyrna. See Eckhel, 
ubi supra, pp. 214, 256. 
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the Romans, who certainly was a Stephanephoros,* and, though not of ponti- 
fical rank, belonged to the College of the Pontifices.t 

Another circumstance is also to be remarked with respect to the Flamines 
(those, at least, of the municipal towns), namely, that no one was eligible to the 
office, unless he had passed through the magisterial grades.[ The discharge of 
municipal functions was therefore introductory to that of the priestly; and this 
agrees well with the notices which we possess of the office of the Stephanephoros, 
which appears to have been partly civil and partly sacerdotal. 

I have found these extending over a wide range in Asia Minor. Athenus 
makes express mention of a Stephanephoros of Tarsus. Stratoniceia had also its 
magistrate of the same name, as appears from the inscriptions which Chishull has 
published, from Sherard’s collection. It occurs in an inscription from Mylasa, 
which Mr. Fellows has copied, and in another from a site which I also visited 
myself, which the geographer D’Anville has conjectured to have been that of 
Nysa, but on questionable grounds. This is in Lydia. Smyrna had also its 
Stephanephoros, after whom, as in the case of the apxwv eravupos of the 
Athenians, the year was named.§ 


* This is proved by the passage in Prudentius, Contra Symmach. i. 216, s. 


** Et Indos stupuit, celsa et Capitolia vidit, 


Laurigerosque detim templis adstare ministros.” 


Compare Van Dale, Dissert. de Stephaneph. ubi supra, who cites Plato, De Legibus, xii. (Vol. 
ix. p. 188, Bipt) 

{ Vid. Pitisci Lexie. Antigg. in voc. Flamen,’ vol. ii. p. 162, a. 

t “Flamines..... in municipiis...... erant ex ordine Decurionum, nec prius sacerdotio 
ornari poterant, quam municipalia munera obivissent.” Panvin. De Civit. Roman. 77, c. de De- 
curion., quoted by Pitiscus, u.s. p. 164, a. 

§ The passage in Athenzus to which I have referred in this paragraph is lib. v. c. 54, b- That 
of Chishull is Antig. Asiat. p. 156. The others are, Discov. in Lycia, Append. A. Titt. Ixx. p. 362 ; 
xe. p. 367. Béckh, Corp. Inser., Nos. 2694, 2714. 

The site to which reference has here been made is now occupied by Nazeh-lt (_Jajb 5 a town 
in the plain of the Mzandrus on the way from Aidin-Guitizel-Hissar to Gheyerah. This has been 
fixed by the geographer D’Anville, but erroneously, on the site of the ancient Nysa; see my first 
Memoir, p. 126. Pococke had committed the same mistake, as appears from his travels, and Jn- 


scriptt. Antigg. pp. 11, sq. 
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That this office partook of a sacerdotal character is evident from the uniform 
mention which is made of it in connexion with the rites and ceremonies of re- 
ligion. 

Thus, the Stratoniceian inscription referred to above, is headed EIII =TE- 
PANH®OPOY ITTOAEMAIOY, and then proceeds to a detail of the many 
advantages which resulted to the state from the protecting care of its tutelary 
deities, after which provision is made for the due celebration of an important part 
of their worship, that of Hecate in particular. 

In the inscriptions of Aphrodisias, it is to be remarked, that the name of the 
Stephanephoros always appears in connexion with the Chreophylakion, and the 
dispositions of the founders with respect to sepulchral monuments. No provision 
with regard to them appeared to have been binding, no cession of right made, 
without their being enrolled in the above mentioned office, and subjected to the 
cognizance of the presiding officer; for such the Stephanephoros appears to have 
been, from the invariable tenor of these documents. 

If now we compare with this the Roman usage, of assigning to the 
Pontifices the right of granting sites for sepulture, in all cases where the tomb- 
property was not hereditary,* as also of punishing by mulct the violation of se- 
pulchres,f the inference seems legitimate, that the functionaries who possessed 
similar rights in the Graeco-Roman towns, resembled those also in their office ; 
that they belonged to the priesthood. 

This inference acquires additional probability from the circumstance, that in 
the Lycian cities, Tlos, Pinara, and Xanthus, all dispositions relative to property 
in tombs appear to have been made with the cognizance of the High Priest for 
the time being; at least, EIII APXIEPEQ® are the words, in their tituli, 
which replace the Aphrodisian EIJI STEPANH®OPOY.f 


I have only to remark, in conclusion, that as we read of female Asiarchs, and 


* « A Pontificibus locus sepulcris assignabatur, nisi forte hareditaria ea fuissent, et tunc non 
erat operee pretium Pontificem intervenire, nam idem patrifamilias in illud jus erat, atque in reliquam 
hereditatem.” Dempst. Paralip. in Rosini Antigg. Roman. y. 38, p. 468. 

t Vid. Marini, gli Atti e Monumenti de Fratelli Arvali, tom. ii. pp. 632, 825, cited in my note, 
Fascic. Inser. p. 69. 

t Vid. Dise. in Lycia, Append. A., Titt. cxxxi. 8, p- 891; cxxxy. 30, p. 3965 cxlii. 3, p. 401; 
exliv. 26, p. 402 ; clviii. 4, p. 408. 
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Gymnasiarchs, so also do we meet with Stephanephore of the same sex. One 
of Sherard’s inscriptions from Aphrodisias, which has been published both by 
Professor Boeckh and Mr. Fellows, makes mention of a lady who had been Ste- 
phanephoros for the thirteenth time. Another, which I likewise saw on the 
same side (the west) records her ninth Stephanephoria.* 

Doubtless, the wealth and liberality of this member of the female aristocracy 
of Aphrodisias, were the concurrent causes of this enviable distinction. The 
superintendence of religious ceremonies, with all their accessary pomp of public 
festivals and games, afforded ample room for the display of both, and, as in the 
instance of the Asiarchate, rendered their possession an essential preliminary to 
investiture with the honours of the magisterial diadem. 


* * + * © * 


This concludes the notices which I have selected for the present occasion, 
relative to the tituli of Aphrodisias. Such as involve mere verbal criticism are 
better reserved for the private study of those whose tastes or professional pursuits 
lead them to take an interest in such discussions, but would be very much out of 
place under my present circumstances. I cannot, however, take my leave of this 
ancient Carian site without expressing it as my opinion with respect to its monu- 
ments, that they merit a higher degree of attention than as yet they seem to have 
experienced. The temple of Aphrodite alone would form a study worthy of the 
professional architect. In its original state the edifice must have been splendid 
in the extreme, and no small proportion of its beauty was due to the position 
which it occupied, and which was admirably chosen for setting off its details to 
the best advantage. Indeed, the site of the ancient city was throughout one of 
rare beauty, occupying the plain which opens out from the spurs (as they are 
termed) or the secondary hills of the magnificent Cadmean range, on the most 
western of which the Acropolis seems to have been placed. ‘The impression 
which was made upon me as I emerged from the valley which is enclosed between 
the streams of Yeni-shéhir and Kdrasi, and pursued my course eastward over 
the plain, will not soon be effaced from my remembrance. Ina higher and a 


* See note t, p- 46, supr. particularly the authorities mentioned at the close, and compare with 
Boeckh, C. Inscr. 2829. Fellows, ubi supra, Titt. xlii., xliii. 16, p. 333, where this inscription has 
been given. 
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purer sense than perhaps its ancient inhabitants felt conscious of, their metropolis 
well merited the name which they bestowed. 

Here, as in many other sites, I am persuaded that judicious excavations 
would amply reward the traveller who possesses the rare union of wealth and taste, 
and has time at his command. Scarcely a day elapses, during the season of field- 
labour, without some relic of antiquity being disinterred by the villagers of 
Gheyerah. Then, there exist, as I have mentioned, considerable remains of the 
city wall, into which have been inserted many precious monuments of the pagan 
inhabitants of Aphrodisias, their friezes, their statue-pedestals, their sepulchral 
monuments, many of them beautifully chiselled and sculptured. 

I recollect one series of these, in particular, which attracted my attention as I 
was making the circuit of the ramparts. It lay on the face of the wall towards 
the south ; a group of sculptures in low relief, on what appeared to have been a 
frieze of a temple surmounted by a highly ornamented cornice. These sculptures 
still possess traces of elaborate execution, not perhaps in the very loftiest style of 
art, but by no means unworthy of an artist’s notice. The grouping and the 
action are highly spirited, and very probably were intended to carry out some 
mythological idea. 

Combats with wild animals form the general subject. In one a figure is re- 
presented which had apparently been prostrated by his savage antagonist: another 
is in the act of raising him from the ground, whilst a third is engaged in fierce 
conflict with the beast, to all appearance, a panther. The issue of this encounter 
is told in the next sculpture ; the animal has been transfixed with two hunting 
spears, through the neck, and the victor is represented as in pursuit. Here are 
introduced two additional figures, a huntsman accompanied by a hound, who join 
in attacking the fugitive. The next carries us on a stage farther in the action ; 
both the pursuers are engaged with the panther, and the hound prepares himself 
to spring upon the wounded animal. 

The series now appears to be mterrupted ; at least I have not been able to 
make out the connexion between the two sculptures next in order, and those 
which I have described. Sea-deities are now introduced into the series, apparently 
Tritons, with whom warriors are engaged in mortal strife. This portion of the 
sculptures, extending over two consecutive divisions, I conceive to represent 
some myth of the Carians, or, which is the same thing, of the Cretans. I thought, 


_ 
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whilst viewing them, of the deliverance of Hesione, but from the absence of the 
heroine, and the by no means Herculean characteristics of the principal combat- 
ant, I relinquished this idea.* 

We now come to the last of the sculptures, which represents the death. The 
wild animal has been at length overcome, and the hounds which have fastened 
upon him are completing the work which their owners had begun. 

The course which lies immediately above these sculptures has been decorated 
with wreaths and volutes, all occupying a very conspicuous position on the wall. 
But in consequence of the accumulation of rubbish, and the fall of its materials, 
much of this is underground, and in all probability, excavations around the 
ramparts, carried on with judgment and caution, would open a mine of yet un- 
discovered treasures. 


* The myth of Perseus and Andromeda (Ovid. Metam. iv. 669, ss.) was also present to my re- 
membrance whilst examining this singular group of reliefs. But the essential characteristics are not 
to be traced, at least in the sculptures which present themselves to view on the wall. 

The likelihood is, that this part of the fortification had been pieced with friezes taken from two 
distinct temples ; the hunting scene very probably was a decoration of a temple of Diana, the ex- 
istence of which I cannot, however, prove from the memorials of Aphrodisias ; the two interposed 
sculptures, in which the sea-monsters are introduced, were, perhaps, members of another series 
wherein some allegorical conception had been worked out, but whether connected with the Aphro- 
disiac rites, must remain a matter of uncertainty, 

The sea-origin of the tutelary deity of the city may be thought by some to supply a ground for 
conjecture. Was the immolation of these Tritons intended to express the decline of her worship ? 
Do we owe these works of art to the Christian inhabitants of Aphrodisias ? 

It would be an interesting occupation for the future traveller in these parts to examine (if ne- 
cessary, by excavation), whether any reliefs coordinate to those I have here given an account of are 
yet extant. The part of the wall, where they are visible, has been in a great measure concealed by 
a quantity of loose stones piled up against its face ; these should be removed, in the first instance ; 
but even this, independently of the additional trouble of opening the foundations, would be a labour 


of some weeks. 
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LEMOMS AL SCMa LIE TE. 


The following observations are intended to be supplementary to both the 
memoirs hitherto published, viz., the first, devoted to the Apocalyptic sites, which 
occupies a place in the nineteenth volume of these Transactions, pp. 111-158; 
and the second, to which this is appended. In most instances they comprise the 
results of a more attentive consideration of the Author’s transcripts made on the 
different sites, and in some few of those of earlier travellers, who possessed the 
advantage of an examination of the marbles whilst in a more perfect state than 
at present. The Author has taken occasion to introduce, at the same time, such 
additional remarks as tend to the fuller illustration of certain points in the arch- 
eology of the tituli which he has selected as the representatives of their respec- 
tive classes. 


* ¥* * * * 
Vol. xix. page 123, line 23. 


‘Exuuyvia. I should propose to alter this reading to tepoynviae (or ‘epo- 
pnvias) on the authority of a copy of this Ephesian inscription, of very old 
date, which has recently been transmitted to me by my friend, H. P. Borrell, Esq., 
of Smyrna, a gentleman so well known to the antiquarian public as an accom- 
plished numismatist. The use of épyvie is, it is true, sufficiently sanctioned 
by authorities of the highest order,* but the other term, with which I propose to 
replace it, appears to be the one used thoughout this inscription to express the 
Artemisiac festivals appropriated to the sacred month Artemisio. 


Ibid. line 24. 


I feel disposed, on the authority of the transcript mentioned above, which I 
have collated with much care with my own, to introduce a change of the read- 
ings in lines 7, 8, wherein I had conceived that the framer of the decree intended 


* Vid. Herodot. viii. 41, m. with which compare Sophocl. Electr. 281, and Hesychius on Eysnyser 
in Brunck’s note. 
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some reference to Egyptian rites in honour of Bubastis, in order the better to 
enforce its provisions. Most certainly, at the time I inspected it, the fragment 


IITA appeared sufficiently discernible on the marble. I could assign no reason 
for the horizontal line (which generally distinguishes numerals), but the inten- 
tion of marking with a certain degree of emphasis this portion of the argument 
from prescription. I am not, however, prepared to maintain that this line may 
not have been a casual indentation in the stone, such as I have found to exist in 
other instances, but rarely or never, so far as I can recollect, so regular and well- 
defined. I transcribe the following from Mr. Borrell’s MS., referred to above, 
in order to enable my readers to form their own judgment, v. 7. 


EINAIMHNAKAAOYMENONIIA ...INM.NA... MI2. 


This is followed by a lacuna, which Professor Bockh* has supplied from 
other sources with QNA, thus exhibiting the clause, 70 émovupoy adris eiva 
pve Kadovpevoy Tap npiv pwev Aprepicidva kK. T. A. in correspondence with 
the transcript which Pocock had published, but not I believe from actual inspec- 
tion of the monument. 


Ibid. page 125, line 4. 


It appears strange that not one of the host of preceding travellers mentioned 
by Professor Bockh in his Lemma to the titulus last mentioned, seems to have 
been aware of the existence of this fragment, which I transcribed from one of the 
faces of the same marble. The reason of this I conclude to have been, that it 
lay undermost, and partially imbedded in the soil, from which, suspecting its 
existence, I succeeded in disinterring it, with the assistance of my servant and 
one of the villagers. It certainly finds no place in the ample collection of Pro- 
fessor Bockh. 

I revert to it here, in order to the supplying an omission of an important line 
(the 3rd) in the copy which I have published in my work on the tituli of the 
Apocalyptic sites, to which the reader is referred.t The absence of this line 


* Vid. Corp. Inscrip. Gree. vol. ii. p. 599, n. 2954, A. 
+ Fascic. Inscr. Apocalypt. p. 138, tf Tit. ii. b. p. 24. 
12 
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occasioned me no small embarrassment, as may be seen from the note in my 
Varie@ Lectiones on the second. The missing line is as follows, commencing 
with the beginning of the fragment : 


IN =, 92 JRATTOVTOAIAT A ' 
TMATIAEAHAQKENAIOGOEN . . ATK 
ONHT'HSAMHNKAIAYTOSAIOBAT 
TIQNEISTETHNEYSEBEIANTH26GEO 


That is, - — — — wavnyupw — — — — Kal rovTo Suaraypare SedndAwxevat, 
dOev avayKaiov nynTauny Kal adros, amoBAEror Eis Te THY EVTEBELaY THS Oeod 
x. T. A. In this the reader will perceive not only the restoration of the line which 
had, by some mischance attendant on transcription, disappeared, to the great de- 
triment of the construction, but also of a fragment in the commencement, and of 
an improved reading in the third line, that 1s, Suarayjsatt, where before I had 


conjectured dia ra avaOnpara. 
Ibid. page 129, line 5. 


For BovAapxos read BovAapyys, according to the analogy of ’Acvapyns, 
&e. in the note on Bularch. 

Ibid. same page, line 7. 

Professor Béckh* has included this amongst the number of his Philadelphian 
inscriptions, from the transcript made by Sherard,j but has ventured upon ex- 
tremely few restorations. Possibly he regarded the task as hopeless. The only 
observation he makes is, Hutropius fortasse nomen architecti est. The architect 
of what? The church? If so, the conjecture originated most probably in 
Sherard’s vague description of the position of the fragment, viz., Zn muro olim 
cathedralis ecclesie. But it ought to have been added, cum versibus ad per- 
pendiculum positis, for such is the position of the marble, a clear proof that it had 
existed previously to the construction of the edifice, and the extreme improba- 
bility of the abovementioned conjecture. 


* Vol. ii. p. 806, n. 3431. } Cod. p. 69, in Ask. i. 99. 


y 
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Ihave ventured ona fuller restoration of this fragment in my Fasciculus, 
recently published, on the hypothesis which I have developed in this part of the 
memoir, but rather in the way of prolusion than with any confident expectation 
of acquiescence, either in my view of the subject or my language, on the part of 
my learned readers. 


Ibid. page 132, line 3. 


The reader will find some important observations on this titulus in my second 
memoir,* on the basis of Depeysonnel’s copy, and given in a more expanded form 
in my first Fasciculus.f Since the publication of these notices, I have had the 
benefit of perusing Prof. Béckh’s{ edition of the copy published by Richter,§ 
and after him by Franck, with a most diffuse commentary.|| Both the travellers 
(Depeysonnel and Richter) enjoyed the advantage of studying the marble in an 
incomparably more perfect state than it exists at present; yet I cannot say that 
they have turned it to the best possible account, as very much remains to be done 
towards its restoration, even after the voluminous details of Franck, which Béckh 
himself seems to refer to with wonder. Some notion of their merit may be 
formed from the brief judgment pronounced upon them by the learned Professor : 
Franckius... . . processit longius quam fiert potest, et aliquot locis aberravit 
manifesto: quare ejus supplementa magna ex parte non reddidi. 

I have lately compared in detail the readings of my copy, so far as it extends, 
with those of the abovementioned travellers, and propose laying the result, at no 
distant period, before the Public, in a second Fasciculus of the inscriptions of 
Asia Minor. In the mean time the reader is requested to cancel all the notices 
with respect to the date of this Sardian monument which occur in pages 132— 
135, and in particular, the remarks in page 134, on the 8th, 17th, and 18th 
lines. 

Ibid. page 135, line 15. 

Smith offers this conjecture in his work on the churches of Asia] I feel at 

a loss to divine what grounds my venerable predecessor could have had for one 


* Page 11, note * ante. + Fascic. Inscr. Apocal. pp. 153, ss, 
t Ubi supra, p. 817, n. 3467. § Itin. p. 590, 
|| Richtersch, Inschrift. p. 316, n. 57. { Notit. Eccles, Asiat. p, 233. 
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so unfounded. It arose, perhaps, from Pliny’s translating the Karaxexavpevn 
of the author of the Periplus by Hausta,* which was excellent authority for the 
English traveller’s doing the same for Strabo. But, unfortunately for the applica- 
tion, the Katakekawmene of the latter embraced a considerable extent of Asia 
Minor.} 

Ibid. page 136, line 22. 


The reading ZAMBAGEIO which I have noted as the preferable one in 
the Varie Lectiones of my Fasciculus,{ but subject to doubt from the obscurity of 
this part of the monument, is correct. In this I have been confirmed by a copy 
which has been forwarded to me by Mr. Borrell, as also Professor Béckh’s edi- 
tion formed from a great variety of transcripts.§ This Sambatheion was a 
sacred edifice, dedicated to the Sibyl Sambatha (or Sambethe), concerning whom 
the reader may consult Suidas|| and Pausanias,§] with the note of the commentator, 
Perizonius, on a passage in Aelian’s twelfth book, in which he refers to this very 
inscription.** The reading XAAAAPOY, moreover, on which I have ventured 
some remarks in this paragraph of my memoir, I am now disposed to alter to 
XAAAAIOY, viz., of the Chaldean, it according well with the origin of Sam- 
batha, as stated by some authors, and appearing in the published copies of Spon 
and Depeysonnel,}7 from which it has been adopted by Béckh. 


Ibid. page 139, line 9. 


I copied the fragment here referred to from a marble which had been placed 
over one of the graves in the Armenian cemetery of Akhissar. Its exordium 
had been so entirely effaced as to preclude the possibility of any satisfactory res- 
toration. There is room, however, for conjecture that the inscription which I 
have edited from Depeysonnel in my Fasciculus{{ abovementioned, may have been 
nearly identical with this fragment: that it was not entirely so we have reason 
to conclude, from the order of the lines not being the same, as well as from ENTA 


* Nat. Hist, vi. 34. 6. { Strab, xii. 8, p. 76 5 xiii. 4, pp. 152-6. 
t Viz. p. 67, tit. xv. f. § Ubi supra, vol. ii, p. 839, n, 3509. 
|| In voc. Sé6uaae. | Vid. x. 12) 5. 


** Viz. Spon’scopy. Vid. not. in Aelian, V.H. xii. 85. 
Tt Vid. Fascic, u. s. p. 178, Tt Vid. p. 178, tit. b. 
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in the beginning of the sixth, which I take to have been ZTEPANOQOENTA, 
and which finds no place in Depeysonnel’s inscription. Yet Professor Bockh 
has restored the fragment as a duplicate of the latter.* 

Should this be conceded, we must replace the name Apollonius (Justus ?) 
with Aurelius Artemagoras, expunge év To ‘Aceé@ in the fifth line, and read in 
the last dexampwrevoavra, on the meaning of which term the reader is referred 
to the note in my Fasciculus.t 

The version which I have given of Aauradapynoavra in this paragraph, 
namely, Victor in the torch-race, requires correction. The Lampadarches was 
the president of the game, not a competitor for the prize. 

Ibid. same page, line 26. 

The titulus here referred to is n. xiv. e., in my Fasciculus, since the publi- 
cation of which and of the present memoir, I have seen Prokesch’s copy, as edited 
by Professor Béckh.{ The marble should appear to have sustained considerable 
injury since that traveller examined it, and I have, therefore, studied his tran- 
script to some advantage, a compliment which, were mine before him, I am in- 
clined to believe he would reciprocate. 

That the inscription was sepulchral I entertain now no doubt, and should pro- 
pose the following as approximating more nearly than that I have published to 
the original form : 


AYPMATPIAKATESKEYASETONOPOOSTATHNEAYTHKAITOYQATTIKQKAISTPA 
TONEIKHKATAATYINOK AIASK AHNMIAAHOYAENIAEETEPQEZESTAIAAAOONOMAE 
TIEN BAAAEINEIAEMHAQSEITHAAMIITOTATHOYATEIPHNONIIOAEI * * * 


That is, AdpnAta Marpia xareckevace Tov opOocrarny éavTn Kai TO 
vig Arrik@ Kat Zrparovikn Kat Marit@ cai’ AokAnmiady’ ovdevi de érép@ €&- 
€aTat GAXO ovopa (nomen, i.e. person ; unless the reading be tropa) ere Bar- 
Rew" cide py, OOTEL TH AauTpoTarn Ovareipyvav ToAEL kK. T. Dz 

Ibid. page 141, line 2. 
Since I wrote the preceding notices, I have availed myself of the labours of 


Depeysonnel,§ who has published this inscription from a copy made by him 


* Vol. ii. p. 834, n. 3498, B. Tt Pag. 174, not. f 
} Vol. ii. p. 840, n. 3510, § Voyage 4 Thyatire, p. 281, s, 
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while the marble was in a far more perfect state than at present. The result of 
this comparison I have published in my Fasciculus.* Professor Bockhf also has 
edited it from Depeysonnel’s book and the MSS. of Sherard, Spanheim, and Pro- 
kesch. The principal result, independently of certain improved readings, has 
been a more accurate determination of the date of the inscription. The Procon- 
sul named in the central division is Egnatius Lollianus, whose second proconsul- 
ship dated in the time of Hadrian, not Gentianus L. as Depeysonnel copied it, 
thus carrying the date forward to the reign of Septimius Severus ; at least pro- 
bably so, as appears from the note on this subject in my Fasciculus.f 

The copy made by Depeysonnel agrees with mine in the reading EJIIQ — - — 
in the last line but one of the third column. From this I had concluded that a 
new term (€i@o77) should be introduced into the nomenclature of the sepul- 
chral monuments.§ It is but fair to add, however, that the copies of Sherard 
and Prokesch are adverse to this supposition, so that the evidence is pretty evenly 
balanced. 


Ibid. same page, line 5. 
The name mentioned in this paragraph, Olnetizi, was clearly defined on the 


marble, as appears from the copy of the titulus here referred to in my Fasciculus,|| 
as also that of Prokesch, which has been published by Boéckh.q{_ The latter has, 
however, thought proper to alter the A to A, and by this change to elicit the 
sense @ ay ere GavTes ol Tpoyeypappmevor cvyxopnowct. I should at once ac- 
cede to this, the more readily as it is to a certain extent sanctioned by my first 
copy;** were it not for the certainty that the substitution is unauthorized by the 
marble. The engraver might, it is true, have committed an error, or represented 


A by A, as was sometimes done, and these are the only suppositions which can 
make the above resolution probable. 
Ibid. same page, line 11. 


I find this inscription (the ninth) also in Professor Bockh’s collection, who 


* Pag. 181, tit. e. t Vol. ii. p. 843, n, 3516. 
t Vid. p. 180. § Ibid. p. 75; also the preceding Memoir, p. 57. 
|| Tit. xvii. h. p, 76. { Corp. ete. vol, ii, p. 843, n. 8515. 


** Vid. Fascic. vy. ll. in v. 6, u.s, 
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has published it from the Prokeschian MSS., but in such a state as effectually to 
preclude almost any attempt at restoration.* 


Ibid. page 146, line 19. 


Professor Béckh has published the titulus here referred to from the copies of 
Choiseul-Gouffier, Turner, and Cyril, with the following for the first line, 
ATATATEISAIAIATNOMH, which he translates sententia propria constituta.F 
It is added also, with respect to the date of the inscription, ex nomine Aelii vert- 
simile fit Isidotum Hadriano non esse antiquiorem ; rather gratuitous information, 
as any one even moderately acquainted with Byzantine affectation might suppose. 


Ibid. page 147, line 2. 
“Apa 67 Kat o Nixaveos. Professor Bockh,t who has published this also 
from the same sources as the preceding, reads here NEIKQNNEOS, translating 


it Nico minor. This not only divests the inscription of its Byzantine point, but 
contradicts the evidence of the marble. 


Ibid. same page, line 13. 


The reader will please to correct the explanation of these letters given in 
the following paragraph. That they are nwmerals is certain, and equally so that 
they do not express dates, but rather the numerical equivalence (icoWnpia) of 
the lines with which they range. Other instances of this literary trifling may be 
seen in the more elegant compositions of Leonidas of Alexandria, in the Antho- 
logia.§ 

I remarked, when at Pergamos, that numerals of a similar kind were attached 
to the lines of inscriptions which I observed in the burial ground of the church 
Ayo Theodhoro,in the upper town. One of these, of considerable extent, I copied, 
and hope, at no distant period, to give to the Public. It was reference to this 
which first suggested the idea that these numerals could not stand for dates, as the 
values differ widely from each other, being successively 1726, 2156, and 3000, 


* Corp. Inser. p. 845, n. 3518. + Vid. not. p. 858, n, 3544. 

$ Id. p. 858, n, 3545, 

§ Vid. Jacobs. Anthol. T. ii. p. 174. Passow. in voc. icopndes, I. p. 1128, a. 
VOL. XXI. K 
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Ibid. page 148, line 14. 


Zrparnyois. I have rendered this word by “ pretors,”’ in accordance with 
its usual translation; not, however, meaning to imply that the names attached 
were those of Roman magistrates. They were municipal officers, elected by the 
citizens of Pergamos themselves, and invested with a certain amount of judicial 
authority.* 

Ibid. same page, line 15. 

The reader will please to correct the words “ four times of Consular” in this 
list of honors. It should be “ three times,” the original being YIIATONTOT: 
This, with the numeral preceding, Z, fixes the date of the inscription to the year 
of Hadrian’s reign 8-9, U.C. 877-8, P.C. 124-5, being that in which he is 
supposed to have visited his Asiatic provinces. 


Ibid. page 149, line 25. 
The reader is requested to suspend his judgment on the version here 
offered, until he has perused the commencement of my second memoir, or my 
observations on the same subject in my Fasciculus. 


Ibid. page 150, line 17. 

The words “‘ Questor, Propretor,” here, should be altered to Questor Pro- 
pretore, for such is the correct translation of Tapias cal “Avriarparnyos, the 
Greek mode of styling the Questor, who discharged the duties of the Propretor, 
cither during the absence of that functionary, or before his appointment.{ 


Ibid. page 151, line 27. 

The titulus here mentioned has been published by Bockh,§ from the Itinerary 
of Van Egmont and Heyman,|| and, therefore, not in fac-simile ; nor did I observe 
any such division between the first and remaining lines, with a small O inter- 
posed, as is represented in his edition. 


* Vid. Eckhel, Doctr. etc. vol. iv. p. 195. f Ibid. vol. vi. p. 48], a. 

¢ Marini de’ Fratelli Arvali, vol. ii. p. 735. Rosin. Antiqq. vii. 45, p. 557, cited in Fascic. Inscr. 
Apocal. p. 195. 

§ Vol. ii. p. 711, n, 3144. || Tom. i. p. 80. 


| 
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I perceive that the fragment KATAZK commences his seventh line, that is, 
I conclude, karacxevnv, meaning either the wharf where the vessels were un- 
loaded, or the store-house in which their cargoes were deposited. But as xata- 
oKev7) means primarily construction, or a setting in order, &c., we may conjec- 
ture that the inscription refers to certain improvements contemplated in the port 
of Smyrna, for the effecting of which a number of public-spirited citizens had 
united, or perhaps been formed into a corporation, in which case the words 
brecxnpevor, &C., should be translated, who had engaged for and contributed 
towards the construction of the harbour. 

However this may be, it appears that the supplement which I proposed,* 
pvAakny, is to be replaced by karacxevnv. Of neither were there any vestiges 
in the marble at the time of my visiting it. It lay the undermost of the steps 
conducting to a store-house in the garden of an Armenian resident in the quar- 
ter Aya Katarina, and had originally been raised, with some other fragments of 
an ancient structure, from the bottom of a well sunk near the dwelling-house. 
The process of adaptation to its present position and use, had evidently been un- 
dergone since Van Egmont’s time, for a few of the apices only of the letters of 
the seventh line are now discernible. 

I expressed a strong desire of having excavations made in the quarter from 
which this marble had been taken, but the owner of the premises resisted every 
overture of the kind, notwithstanding my offer of indemnifying him for any in- 
jury his property might sustain. He took care, at the same time, to apprize me, 
that a considerable number of monuments of a similar kind were to be found 
there; rather a preposterous mode of damping an Antiquarian’s ardour ! 

With respect to the date of this inscription, Béckh remarks that it can hardly 
ascend above Trajan, in whose time Smyrna first appears as a Neocore. In this 
he follows Eckhel.f Vaillant,{ however, who is quoted by Eckhel as an autho- 
rity, asserts that Smyrna attained to this distinction in the reign of Tiberius. 


* * %* * * * * 


* Fascic. p. 105, tit. xxvii. b. t Doctr. Num. T. ii. p. 556. 


{ Numism. Impp. G-Rom. pp. 266, ss. 
K2 
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Vol. xxi. page 15, note”. 
Since this note was written it has occurred to me, that the following expla- 
nation of the passage in question may perhaps be deemed the most satisfactory of 
any hitherto proposed. It has been suggested by the occurrence of the word 


ANTIOXEON in the titulus, that is, of the citizens, not the city of Antiocheia. 
What is there, therefore, to prevent our availing ourselves, in the present instance, 
of the solution which the learned Pellerin* has offered of a numismatic difficulty, 
in the cases of the Antiocheans near Daphne and Callirhoé, or in Ptolemais, 
namely, that in each there had been corporations of Antiocheans established for 
commercial purposes, in the same way that there had been of certain Phoenician 
merchants in Puteoli, as also of Athenian and Samian in Delos ?+ Indeed, with re- 
gard to Daphne, no great ingenuity is requisite, one of the titles of the Syrian An- 
tiocheia having been ert Aadvy, but we nowhere read of Ptolemais of Galilee ever 
having been called Antiocheia, nor is the supposition at all probable that a city 
of that name had ever existed in the neighbourhood of the Callirhoé which Pel- 
lerin supposes to be understood in the inscriptions of the coms that have origi- 
nated this discussion. 

This view of the question enables us to resume, with a certain degree of mo- 
dification, our original hypothesis as to the Syrian Antiocheia. 

The district or territory (x#pos) of the Chrysorhoate here mentioned, may 
have been that through which the Chrysorhoas of Damascus . . . the Pharpar 
of the Scripture . . . flowed, within whose precincts a community of opulent 
traders from the capital may have been formed, with functionaries, both civil and 
sacerdotal, presiding over them and controlling their municipal relations. 

This supposition appears to me to be, on the whole, less encumbered with 
difficulties than any of those which have been hitherto advanced. We possessno 
evidence that the metropolis of Syria had ever been styled as in the territory of 
the Chrysorhoate, and as little of the same fact in the instances of any of the 
Antiocheie of Asia Minor.{ That they ever had been so is purely matter of 


* Recueil des Médailles, &c., vol. ii. p. 250. 

{ Vid. Muratori, pp. 231, 4; and Marm. Oxoniens. n. xxvii. cited in Eckhel, Doctr. Num. iii. 
p- 306. 

¢ To the catalogue of those which I have given in my Fasciculus Inscr. Apocal. pp. 89, 193, 
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hypothesis ; whereas the explanation now offered has a strong analogy to sup- 
port it. 

A few words more on the subject of the medals, which Pellerin has cited, with 
the epigraph ANTIOXEON . TON . EIIT. KAAAIPOHI. In explanation of 
these three suppositions have been advanced : the first is, that the Antiocheians 
here mentioned were those of Edessa; the second, that a town called Antiocheia 
had formerly existed in the neighbourhood of the Damascene Chrysorhoas, here 
called Callirhoé ; the third is that of the learned numismatist himself, who fixes 
these Antiocheians in the district to the eastward of the Jordan, famous for the 
thermal springs called, both by Pliny* and Josephus, Callirhoé. It lies not within 
my province to determine which of these suppositions is most entitled to credit ; 
but if there be any foundation for the second, it might at once be received as af- 
fording a satisfactory resolution of our present difficulty. 


Ibid. page 17, line 8. 


The inconsiderable town (zroAiyviov) of Ere, which is mentioned by Strabot 
as situated on the road from Teos to Hrythre, appears to have lain on the coast, 
so that Stvri-hissar can have no claim to be accounted its representative, and 
Erda-keut in the neighbourhood of the latter, on the road from it to Viirla (Cla- 
zomene ), as little. The conjecture in the memoir as to Chalcis is very uncertain, 
as in all likelihood this site has been removed in the ordinary maps considerably 
to the eastward of its true position. Its name seems to imply that it must have 
been situated in the territory of the Chalcideans : now this lay towards the west 
from Cherreide, whereas Sivri-hissar lies eastward. The Geographer Man- 
nert§ has, however, expressed it as his opinion that the latter place is situated 
Chalcidensium loco, that is, of the XaAxdets mentioned by Strabo.|| 

It is highly probable that Sivri-hissdr occupies the place of one of the zupyoe 
(corresponding to the Attic djj0c) into which the territory of Teos was partitioned, 


may be added Alabanda, unless we adopt Eckhel’s solution of the numismatic difficulty which Pel- 
lerin thought he had removed by the aid of the geographer Stephanus; see Doctr. N. V. vol. ii, 
p- 572. But this accession to the number in no wise assists us in clearing up the obscurity with re- 
spect to the Chrysorhoate. 

* Vid. v. 15, 3. + Antiq. xvii. 8. t xiv. 1, p. 181. 

§ Geogr. Vet. tom. vi, P. 3, p. 318. || xiv. 1, p. 180. 
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and of which so ample an enumeration has been preserved in the list of the Epony- 
mous Archons, occurring in the titulus found at Sighadjek, and first published 
by Pocock.* Could it be proved that Sivri-hissér occupies a position in the 
ancient district of the Chalcideans, I should feel little hesitation in identifying it 
with the zupyos XaAkidevs of which notices have been preserved, both in that 
titulus and the sepulchral one published by Chandler} and Professor Béckh.t 


Ibid. page 21, line 8. 


Since I wrote this it has been my good fortune to become possessed of ampler 
materials for the restoration of this interesting fragment. I have already men- 
tioned that circumstances over which I could exercise no control, during the pe- 
riod of my visit, prevented my copying the whole of the inscription in the bath- 
room at Sighadjek ; but since I left the country I commissioned one of my cor- 
respondents in Smyrna to dispatch a competent person to the site to complete the 
task, which has accordingly been done, and given me possession of more than one 
titulus relative to the rights of asylumship in ancient Teos. 

The discovery of this was, however, a work of some time and patience, much 
injury having been done to the marble, and the messenger (a Smyrniote Greek) 
who was sent having copied all that he could decipher in a continuous series, under 
the impression that it formed a single inscription. I transcribed and retranscribed 
the whole, assuming this to be the case, but without the slightest approximation 
to success in eliciting a satisfactory construction, until at last the thought luckily 
occurred to me to try whether the spaces at the right side of the fragment which I 
had copied, and the Greek transcriber had marked as Jacune, were not in reality 
intervals left by the engraver between two successive tituli; in other words, 
whether, instead of there being but one, there were not two or more. The trials 
I made to ascertain the truth of this ended in my complete success, and produced 
me three inscriptions, two of which are fragments hitherto unedited, and one 
complete, which the learned Chishull has long since published, but by no means 
in so perfect or correct a form as that in which I now possess it. The fragments 
I have been enabled to restore, in a great measure, to their original integrity, 


* Inser. Antiq. ii. p. 21, n. 8; Bockh, vol. ii. p- 648, n, 3064. 
+ Inser. P. 1, p- 10, n. 29. t V. ii. p. 683, n. 3103. 
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partly by collating my own copy, so far as it extended, and partly by a careful 
study of the formularies in Chishull’s collection: for it has happened most fortu- 
nately that their language had been framed in strict accordance with the techni- 
cal formule usual in such cases, from which it resulted that two or three words of 
a sentence conducted immediately to those before and after, as also that certain 
proper names peculiar to them respectively have been preserved from the effects 
either of the mutilation or the abrasion of the marble. This last circumstance has 
been of the utmost importance, as it furnished me at once with an almost infalli- 
ble guide in the process of identification, that is of discovering in each instance 
the people to which the monument was to be attributed. 

I must be pardoned for refraining to express myself more clearly just at pre- 
sent, as to do so would be premature, these tituli still continuing to engage much 
of my attention. My study of them has, however, advanced so far as to make it 
necessary that the reader should cancel the whole of the supplement which I have 
submitted to his inspection in pages 21 and 22. No mention whatever had been 
made of the people of Agrigentum in the original, and as little of the Coans, or 
of Agelaon ; of these the first and last were the results of obscurities in the 
marble. 

I may explain this in the case of the Agrigentines. The first copy which I 
made of the commencing line was TPATANAZSYAON, the next PPAT' * * IA- 
ZYAON, and that which the Greek of Smyrna made was TPAT’ + * ASYAON. 
We both agree in AI'T'PA at the end of the eleventh line. I concluded from 
this that ATTPAT'AN had been the true reading, and that the Sicilian people 
was referred to in this part of the inscription, but not without a good deal of he- 
sitation, as the reader may perceive from the note in page 22. The adjustment 
of the reading, so as to square with my hypothesis, was hardly consistent with le- 
gitimate argument, and could only be palliated by the extreme imperfection of 
the monument ; nor, after all, was it, when viewed in connexion with the ana- 
logy of the language, satisfactory. I have since arrived at the conclusion, that 
the true restoration of the passage is IEPANKAIASYAON, it containing an 
acknowledgment of the sacredness and inviolability of the Teian soil, and 
that the fragment in the eleventh line, restored to its integrity, is ATTPAWAI, 


that is, avaypawat, this clause announcing the final ratification of the decree by 
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its enrolment amongst the archives of the city, one of the general confederacy of 
the Cretans. 

Farther than these general notices I cannot be expected at present to proceed, 
as I am employed in researches which will, I trust, end in the satisfactory eluci- 
dation of an extremely interesting subject in the Ionian antiquities. I now take 
my leave of it, in the hope, with the permission of the Academy, of redeeming 
the pledge now offered to its members at some future period. 


Ibid. page 24, line 5. 
The reader is requested to cancel this version, and read as follows : 


The Senate and [the People] 
have ho[noured ] 
Claudia Tryphena, [ High-Priestess | 
of Asia, and Priestess [of the] 
god of the city, D[ionysos], 
daughter of Pheseifnus and] 
of Stratonice, [both of the High-Priesthood] 
of Asia: the erect[ors of] 
the statue being, Cal[vinus and] 


Pisoninus, the C[onsulars. ] 

I had transcribed the first nome KATTY®AINAN, to which I subsequently 
gave the form KATY®@AINAN, in order to present it in an etymological form, 
as though from vdaivw: but in so doing I overlooked the slight alteration which 
produces aname of by no means rare occurrence, Tryphana.* The name Phe- 


seinus (or Phesinus) is not so certain. Bockh,f who has published this titulus 
from the collections of Pocock, Chandler, and Beaufort, has restored it from a 


Chian inscription given by Coraés.{ His restitution of KAAITOYPNIOY, in 
the ninth line, is at variance with the marble, which exhibits KAAO or KAAQ, 
a fragment. In the last line he rejects Chandler's restoration YIATIKON, 
which had also occurred to myself, and would substitute YIONAYTH2. 


* Fascic. Inscr. Apoc. p. 201, titt. f. g. t Vol. ii. p. 68], n. 3092. 
t Tom. iii. p. 270. 


f 
1 
2 
a. 
4 
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Thid. page 28, line 11. 

Since I wrote this translation I have reconsidered minutely the readings in 
the commencement of the original, in which part the marble had sustained most 
injury. The result has been a persuasion that no such name as Caius Tiberius 
existed in the first line. I accordingly propose the following as the genuine 
form: avaveooarta To Badaveiov Oua=pbapev, karacKevacavra d€ €k TOK@Y THY 
= Te oroav ths Tepovaias, kal ra mpoBada = vein TavTa adv TO ovTpOrL, 
k. T. A. The reading Badaveiov has been adopted as approaching more nearly 
than any other to the obscure vestiges in that part of the monument; but I 
thought also of rotyov. poS8adaveta in 3-4, is certain, and adds probability to 
the former. Toxey, in the second line, implies that a principal sum (the same, 
perhaps, which is mentioned in the eleventh under the name of yepovovaxa 
xpypara) had been destined by the parents of this unknown person to purposes 
of public utility, part of which might appear to have been expended in the repa- 
ration of the bath-house (SaAavetov) of the Gerusia, and the proceeds of the in- 
terest in constructing a portico (sroav) for the same, chambers or recesses in 
front of the bath (7po8aAaveia), the bath itself (AovrpwHv), and the usual deco- 
rations attached to such structures (tpookocpypara). Independently of these 
bequests, of which distinct notices are given in lines 5, 6, and 10, 11, we are in- 
formed that the munificent citizen, whose name has disappeared, had consecrated 
(rpockabepocarra, in 9-10) a portion of his private property to the service of 
the community. 

The first part of this titulus is of much interest when viewed in connexion 
with the passage of Pausanias, in which he notices, amongst others, the baths of 
Teos, as constructed with a view towards impressing the spectator with an idea of 
their costliness.* 


Lhid. page 23, line 18. 
The success of this rival claim to that of Sviltan-hissar, arose doubtless from 
the orthography _ djs), pronounced Noz/i. This may have been regarded as one 
of the class of nouns called by the Turks Zsm? mansub, formed from a fragment 


bs rt ‘ a.) 8 , , Bae aie pa 
*"Eors 0: nai Trios... Aovtpd.. . & emldekiv wAourov wemoimpeva. Vil. D, 9. 
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of the Greek Nuoa. Yet, granting even this, which, to say the least, is ex- 
tremely problematical, nothing is more certain than the fact that the present 
masters of the country were by no means guided in their appropriation of names 
by identity of site. The Ionian Metropolis affords an instance of this. A frag- 
ment of the Greek name, 7po7roAz, has been transformed into the Turkish Tzr- 
bili (cd 3), and transferred to a village upwards of three miles’ distance from 
the site of the ancient city. 

I may here take occasion also to mention, that it is sometimes as unsafe to 
rely upon ancient inscriptions for the determination of sites, as upon the Turkish 
names. The same village affords an example of this. A fragment of an ancient 
pedestal is yet to be seen in the courtyard of its mosque, in which I could 
discern plainly MHTPONOAITHN. There would be no resisting this combi- 
nation of witnesses, were it not that the ruins of the city of Cybele* yet remain 


to correct their testimony. 
Ibid. page 34, line 14. 


I conclude that this titulus has never been published, as it has found no place 
in the collection of Professor Béckh. In truth, I may be said to have excavated 
in search of it, it lay so concealed in rubbish and underwood. 


Ibid. page 35, line 33. 


This, like many other positions of the same kind, in the comparative geography 
of this region, is to be received with some latitude. To prove the truth of my 
assertion, I transcribe a passage from my Journal, written by me while at Yeni- 
shéhir : 

‘** We arrived at the village ’Ali-Agha- Tchiftlik after about an hour’s ride 
from the guard-station last mentioned, which, independently of its pleasing aspect, 
cannot fail of interesting the traveller by its proximity to some remarkable ruins 
on the rising ground over against it, the Turkish name for which is Yeéran-Has- 
san. These remains occupy nearly the entire area of the eminence, along the 
inferior level of which flows one of the many tributaries of the Mendres, and in 
the same direction winds the road by which we very speedily approached our 


* Vid. Eckhel, Doctr. N. vol. ii. p. 530, a. 
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destination for the night, Yeni-shéhir, the residence of the Agha of the district, 
to whom the Tchiftlik above-mentioned belongs. 

“We are now in the valley of the Yeni-tchai, the river familiar to the 
readers of Pliny under the various denominations of Orsinus, Mossinus, or Mosy- 
nus, and the ruins which overspread the hill-slopes we are passing are those of 
Antiocheia ad Meandrum. ‘The Turkish village lies at some distance from it, 
but is generally marked as its representative, and deservedly so, if the exceed- 
ingly lovely and picturesque situation which it occupies on one of the smaller 
eminences which command the valley be taken into account; but the sites are 
not the same.” 

Ibid. page 47, line 6. 

On a more attentive consideration of this inscription (which forms one of the 
series I myself collected, and has been published by Mr. Arundell), I have seen 
reason to retract the opinion that it contains any mention of an Asiarch, either 
male or female. It is simply an enumeration of the hereditary priests and priest- 
esses of the twelve gods for two successive priesthoods. 


Ibid. page 50, line 15. 

This may have been a sepulchral inscription. One of the tituli of this class 
which I find amongst my collection from Corycus of Cilicia, is thus worded, 
romos KaXaporiov. So also roros Aovuka, in the Christian inscription copied 
at Aphrodisias by Mr. (now Sir Charles) Fellows, with which compare the third 


. , U * 
preceding, 7 aopos Te Kal 6 To7os eligi kK. T. X. 


Ibid. page 51, line 14. 

On reconsidering the arrangement of these tituli in my diary, and the parts 
which had been obscured, I am disposed to adopt some alterations in this version. 
A good deal of confusion arose from their lying so contiguous to each other,—I 
believe on the same marble ; the part in honour of Newra Ammia towards the 
left, that which related to her husband to the right, and almost in juxtaposition. 
A very little attention, however, soon rectified this oversight, and produced me 
the titulus appropriate to each case. 


* Lycia, Append. A, p. 360, nn. 67. 70. 


84 Dr. Kennepy Baitie’s Researches amongst the inscribed Monuments 


Whether the marble (now part of the city wall) is to be recognized as a frag- 
ment of a pedestal, an honorary tablet, or an altar, it were difficult to determine. 
We may suppose the former. When the statue of Metrodorus Demetrius had 
been erected, it is probable that a vacant space had been left for one of Ammia 
on the same pedestal, te be accompanied by a corresponding titulus. It thus 
became unnecessary to re-engrave the first line of the inscription relative to her 
deceased husband, H BOYAH, &c., which it was left to the reader to transfer 
from thence, so as to complete the construction. 

With this the reading in the ninth verse (as I have arranged it in the Memoir, 
but which should appear as the first of the titulus of Ammia) corresponds. My 
copy of this exhibits METP - - - - - YI - -, with the last three characters ex- 
tremely faint. Inow propose to restore it, METHAAAXXYIAN (pernAAaxviar), 
and to interchange it with the line common to both tituli, H BOYAH, &c., sub- 
stituting also for the genitive AHMHTPIOY, in the eleventh line (as marked 
in the Memoir), the accusative AHMHTPION, for which also I have the sanc- 
tion of my first copy. 

I proceed to lay before the reader the result of these changes, exhibiting the 
tituli as they appeared on the marble: 


b. KAIMET -- -- - YI-- a. HBOYAHKAIOAHMOZSETEIMHSEN 
TAISAZIAISKAIMPELMOY KAIMETHAAAXXOTAMHTPOAQPON 
ZSAIZSTEIMAIZSNEAIPANME MHTPOAQPOYAHMHTPIONZHZAN 
NEKAEOYZAMMIANTYNAI TAKOSMIQZSANAPATIEPITAKOINATHS 
KATENOMENHNMHTPOAQ MOAEQSPIAOTEIMGNENTEAPXAIS 
POYTOYMHTPOAQPOYAHMH KAIYHOSXESESINKAIEPPEIISTASIAIS 
TPIOYZHSAZANKOSMIQS KAITAIZSAOINAIZSEISTHNITATPIAA 
KAIZOPPONQS YMHPESIAISHPOCYMONTENOMENON 


The Senate and the People have decreed this honour, even after his decease, to Metrodorus 
Demetrius, son of Metrodorus in consideration of his exemplary life, his munificence in the discharge 
of his public duties, aud his alacrity, manifested alike in the fulfilment of his magisterial functions, in 
his engagements, his superintendence of public works, and his other services rendered to the city of 
his birth; [as also] suitable and becoming honours, even after her decease, to Newra Ammia,* daugh- 
ter of Menecles, who had been the wife of Metrodorus Demetrius, son of Metrodorus, in considera- 


tion of her life of sobriety and decorum. 


* Or Ammias; see Béckh, n. 2748, vy. 5. I retain the proper feminine termination of the first 


declension. 


. 


ah 
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Ibid. page 57, line 23. 

The reader is referred to the notices respecting this form, ETMOQSTON, 
inthe preceding part of this postscript, p. 72. 

Ibid. page 64, line 19. 

Amongst the series of tituli which I copied from the southern face of the wall 
encircling the site of the ancient town, there are three of a remarkable character,* 
recording honours which had been decreed to the three sons of a citizen of 
eminence named Callias, to wit, Zeno, Callias, and Eudamus, of whom their 
parents had been successively deprived by a series of casualties (Evppopai, 
aruxnara), as also the condolence of the authorities, in all the three instances, 
with certain of the surviving relatives of the deceased. 

I select the first of these, in particular, or that which mentions the death of 
Zeno, as a type of the rest. 

The preamble recounted most probably the deserts of Callias, as a patriotic 
citizen, and includes a recommendation to him of a patient endurance of the 
calamitous occurrence. The inscription then proceeds : 


Sit eee Be it decreed by the Senate, and 

the People, that honours be paid to Zeno 

the son of Callias, son of Zeno, son of Eudamus, 
even after his decease, and that both statues of him, 
and decorated sculptures, and likenesses, be set up 
in quarters as well consecrated, as of public resort, 
by Callias his father, etc. 


Taking this in connexion (which, perhaps, we are authorized to do, from the 
circumstance of its occupying the same quarter of the wall) with the reliefs I 
have described as pourtraying the hunting-scene, will it be regarded as an un- 
warrantable hypothesis to assume, that the deceased Zeno had met his death 
during the struggle of the chase? Zupudopa (written cvypopa) is the term in 
this inscription, expressive of the event which had elicited this manifestation of 
their sympathies from the rulers of Aphrodisias, and it is certain that a more 


* The reader will find these in Mr. Fellows’ Collection, Append. A. Nos. xxiv.—xxvii. pp. 316, ss. 
They form a part of my series of Inscriptions, which are passing at present through the University 


Press. 
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vivid commentary on it could scarcely be conceived than that which we may 
study in the first of the series of marbles I have described, wherein two of the 
hunters are engaged in supporting a third, who had evidently fallen a victim to 
the fury of the wild animal. 

The two survivors who succeed at length in effecting the destruction of their 
savage enemy, may have been the Callias and Eudamus, whose posthumous 
honours are recorded in the other tituli relative to this family. It is on the 
probability of this that I rest when I feel clined to appropriate this series of re- 
liefs (ayaApara) to the particular case of the eldest of the three brothers. 


III.—An Essay on accidental Association. By Rev. James Wits. 


Begun 9th December, 1845, and ended 24th February, 1846. 


In my examination into Mr. Stewart’s theory of the association of Ideas, I was 
led to observe a more elementary application of the same principle ; and I then 
stated the conviction I felt, that this principle, if rightly stated, and applied with 
a strict regard to observation, would afford a more simple and sure basis for intel- 
lectual theory than any which has yet been applied. 

In endeavouring to follow out this course of inquiry, I shall adhere, with the 
most undeviating strictness, to the simplest method of observation, and of direct 
inference from the facts of observation, and with an entire exclusion of the dis- 
cussions or the conjectures of previous theories. There is, indeed, hardly an 
opinion that has any foundation, that may not be found somewhere among the 
speculations of theory. But, so far as my reading has gone, I would submit that, 
with very slight exception, such results, so far as they shall be found to coincide 
with the facts of observation, are rather incidental reaches of sagacity, than deduc- 
tions from their theories. If this be allowed, it will be felt that I cannot, consis- 
tently with the method here proposed, encumber a very simple statement with 
the discussion of mere opinions; and I beg to suggest to the Academy, that if the 
inferences which I shall here state, shall appear to be the plain results from the 
principle of investigation which I have adopted, and from the facts which I shall 
offer in its illustration, it is all that can in right reason be required. They who best 
know the vast complication of metaphysical theories, the general vagueness, incon- 
clusiveness, and subtle perplexity with which they are conducted, and their nearly 
total disregard of observation, will most readily admit that I have no other course 
to follow. 

There is one more consideration to be premised. ‘The strict observation of 
intellectual phenomena must necessarily be internal ; it must be self-recollection 
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and self-scrutiny ; and, therefore, the facts to be stated are attended with the 
difficulty of being an appeal to the self-observation of others. The processes of 
thought are, it is true, generally the same in all; but it does not follow from this, 
that all will at once discern the result of an observation more or less dependent 
on analysis and continued attention. In the simplest operations of the mind there 
is considerable intermixture and complication, and a fact will seldom be truly 
understood until it shall have been separated from others. When we look for 
the elementary facts of mind, they at first present no visible limes of demarcation, 
but, like the colours of the rainbow, are more or less blended over the entire 
range of the intellectual phenomena. 

The earliest and most elementary fact that comes within the scope of actual 
observation, is simple apprehension, which is commensurate with, and inseparable 
from our consciousness. I have already described it as the sum of those percep- 
tions, of whatever kind, which are at the same time present to the mind. And I may 
observe that, in this statement, it isa matter of entire indifference whether these 
are operations, or states of mind, or the mind itself. With such considerations we 
are wholly unconcerned : they are wholly beyond the reach of observation, and 
the compass of rational inference. The elementary fact on which I proceed is 
this, that at every instant of conscious thought, there is a certain sum of percep- 
tions, or reflections, or both together, present, and together constituting one 
whole state of apprehension. Of this, some definite portion may be far more 
distinct than all the rest; and the rest be in consequence proportionably vague, 
even to the very limit of obliteration. But still, within this limit, the most dim 
shade of perception enters into, and in some infinitesimal degree modifies the 
whole existing state. This state will thus be in some way modified by any sen- 
sation or emotion, or act of distinct attention, that may give prominence to any 
part of it; so that the actual result is capable of the utmost variation, according 
to the person or the occasion. One person may be indistinctly gazing on the 
table and lights and crowd before us, and vaguely impressed by the murmur of 
voices ; another may, with these, be engaged in the thoughts of some other scene ; 
a third may be attending to the steps of a demonstration : of each the field of 
intellectual vision would be partly the same, partly different, while to each the 
whole state of existing apprehension would be far more considerably modified. 
To any portion of the entire scope here described there may be a special direc- 
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tion of the attention, and this special direction is strictly what is recognized as 
the idea present to the mind. This idea is evidently not commensurate with the 
entire state of apprehension, and much perplexity has arisen from not observing 
this fact. However deeply we may suppose the attention to be engaged by any 
thought, any considerable alteration of the surrounding phenomena would still be 
perceived; the most abstruse demonstration in this room would not prevent a 
listener, however absorbed, from noticing the sudden extinction of the lights. 
Some philosophers have imposed on themselves by extreme cases, but these are 
not inconsistent with the present statement, which admits of one portion of the 
whole apprehension growing more distinct, and the rest diminishing indefinitely. 

This distinction is of some importance, as in the class of associations here 
mainly to be considered, the whole state of apprehension at a given moment is to 
be regarded. The operation generally known by the phrase “association of 
ideas,” mainly regards distinct ideas combined by habit. On the contrary, that 
which I am now to consider mainly concerns those transient combinations of 
perception, which nearly every moment varies, and which may very appropriately 
be termed “accidental associations.’ If the former compose a main portion of 
our knowledge, the latter form the groundwork of our recollections, among the 
swift and fleeting changes of our days. The essential character out of which their 
most apparent use arises, is that to which I have mainly pointed your attention,— 
that they have always an essential unity, such, that each state of apprehension, 
however variously compounded, is a single whole, of which every component is, 
therefore, strictly apprehended (so far as it is apprehended), as a part. Such is 
the elementary basis from which all our intellectual operations commence. The 
elementary state of the mind is thus a state of association, which loosely and tran- 
siently embodies the phenomena by which our minds and senses are engaged, 
while reason and attention, by more slow degrees, embody, classify, and compare 
them : thus the tendency to apprehend by wholes, to revert to such wholes, and to 
frame thought into wholes, is to be traced as a common process pervading all the 
intellectual operations. 

If we suppose that a person for the first time enters some locality of remarka- 
ble and peculiar features, and that, just as the peculiar character of the scene 
opens upon his attention, he meets two strangers, the whole so as to be nearly 
simultaneous in effect, we have an example containing the chief elements under 
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consideration. Let us consider the results. The whole idea, at the assumed 
instant, is a single whole apprehension ; a picture (as it were) composed of a 
remarkable scene with two persons in it. According to the hypothesis, all being 
strange, are free from the interference of other associations, and each proper to 
the combination in which it is found. Thus we have the main elements of a sin- 
gle state of apprehension, and, however subsequent attention may alter it, it is, so 
far as the assumption goes, one idea. Let us suppose it immediately removed ; 
the spectator may be supposed to pass on. Now, abstracting certain circum- 
stances, such as the time, the excursion, the business, any of which would ordina- 
rily lead to the recollection of such an incident, there will, according to the strict 
assumption, be no means whereby the supposed idea should again recur. Such a 
recurrence must be the result of some instrumentality, and, excepting by means 
of some relation of incident, or some inference of reason, theory has assigned 
none. 

Now let it be supposed that one of the two strangers is met elsewhere. The 
first effect depends on a primary law of the mind which admits of no explanation, 
but will at once be understood by the term “recognition.”* He will be recog- 
nized strictly under the character in which he first appeared, as the constituent 
part of a whole state of apprehension. He must be recognized, not merely in his 
personal character, but as he was (according to hypothesis) seen,—a distinct feature 
of an impressive scene. The recognition must, therefore, bring with it the other 
parts of the same one idea ; the whole field of apprehension instantly emerges 
from the past. The person seen is part of an idea, in the same sense as if it 
were a picture, and the whole comes back, because the whole of an idea is (pri- 
marily) affected by every part ; it is by a separate process, or by succeeding im- 
pressions, they can be divided, and the combination dissolved. 

Let us now vary the assumption, and suppose the place only strange, and the 
person familiarly known, and frequently met in many places. The consequence 
of this new assumption would be, that the recurrence of the place would bring 


* If we assume this elementary faculty to arise from a tendency of the mind to resume a pre- 
vious state, it will explain the fact, and agree with all the statements of this Essay. But it is an 
assumption purely empirical, and goes far beyond any result of legitimate inquiry. 

+ There is not a statement in this Essay respecting which some perplexing question may not be 
asked. Iam not, however, engaged in explaining elementary facts, but in tracing laws of operation. 
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back the idea of the persons, but that of the persons may not bring back that of 
the place. To revert to the figure of speech already used, the place was a portion 
of one picture, the persons of many. In the same way, frequent returns to the 
same scene would lead to the interference of new and varied elements, so as to 
dissolve or much weaken the first impression ; it would, at the same time, and in 
the same degree, multiply the constituent parts of the apprehension of the place, 
and the avenues of thought by which it might be recalled. And this accumula- 
tion might increase indefinitely, from the first impression of a strange place to 
the familiar idea of home, to which all the thoughts have some tendency, and 
every project some point of termination. 

Next let it be supposed that, after a time, some one resembling one of the 
persons, or some place resembling the place assumed, should chance to be met. 
In either case the same effects would be produced by similarity. But it is to be 
observed, that the process is in no way essentially varied ; for, so far as the simi- 
larity exists and operates, it is nothing more than the virtwal identity of certain 
components. There must be some feature absolutely a portion of both ideas. 

It is scarcely necessary to observe, that the simplicity of these cases cannot 
lessen their evidence ; and further, that it is the inevitable result of our analysis. 
When we reduce any mental process to its elementary shape, it must lead to some 
case of great simplicity. Such cases are not easily found in the real experience 
of life, for reasons which I shall notice presently. But, if any one desires real 
examples, they can easily be found in the recollections of early life. Before we 
go very far in our journey, the ordinary intercourse of life has ceased to present 
any thing new; the components of every scene cross and combine in countless 
directions, and, by a refined process of interference, the waves of circumstance, 
like the secondary waves of light, neutralize and obliterate each other, save in 
certain practical directions. When we travel back to look for the actual recollec- 
tions of our infancy, those, at least, suitable for illustration, will mostly bear the 
appearance of trifling ; so much, indeed, is this the case, that I should feel reluc- 
tant to offer any example of this description, were I not quite sure that they are 
common to most persons, and have the same character in all. 

At avery early stage of infancy I was, for some years, in a place which I 
have never since visited, and living among persons with whom I have had no 


subsequent communication. Of all these persons there does not, or has not for 
u 2 
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years, remained the slightest trace on my mind of distinct recollection, with, how- 
ever, one very remarkable exception. When, by any chance, I am led to that 
time, one face rises to my recollection with all the distinctness of a thing of yes- 
terday. Now, it might be supposed that this must have been the result of some 
childish affection—a nurse, or a parent, or some of the most close and tender ties 
of infancy. But the fact was otherwise. It was a farm servant, with whom I 
had no especial communication, and had only been in the habit of noticing as one 
of many persons. The man was, however, marked by a singular excrescence 
over the right eye, just in the place of the brow. Now it may be supposed at 
first that this mark may have been an object of special attention to a child. Such 
was not the case: I had been accustomed to see this man from the very first 
dawn of observation, and his deformity was no more a matter of curiosity than 
the commonest feature. Its effect was precisely that of affording an association 
peculiar to that face, and, therefore, not liable to be affected by the interference 
of common associations; and the consequence is this, that the whole face (in the 
expression of which it was included) is recalled by it with well-defined precision. 
I may here observe, that the features by which faces are distinguished differ but 
slightly in the turns and lines of direction, by the effects of which they are dis- 
tinguished. Even those effects are composed of common elements of expression. 
Hence it is that, in general, the recollection of faces does not last quite as long 
as might at first be presumed. But in the case which I have stated, the associa- 
tion remained unbroken by any interference. The entire face returns; and, 
with the face, the voice, the figure, the dress, and some distinct localities all come 
together ; for they were essentially combined with the one consistent, whole 
image of the mind. Here, it is to be observed, that no extraordinary degree of 
attention, or any determining cause, can be supposed. I was surrounded by phe- 
nomena of the utmost interest to the fresh curiosity of childhood,—the time when 
all is new, strange, and wonderful. A thousand things now forgotten, must needs 
have then communicated the deepest impressions. It was no affection for the 
person,—affection might well recall dearer objects. ‘There was nothing but just 
the single characteristic mark, which satisfied the one condition, and had no 
other effect. This mark was the feature, not only of a face, but of a scene, and 
(if I may so say it) of a moment ; and the connexion, not having been interrupted 
or confused by others, remained. The case is a strong one, and so far advantageous, 
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because it effects what is otherwise not easily done: it enables us to eliminate 
some of those causes which might otherwise be assumed. Every one who looks 
back to the earliest scenes of recollection may recall numerous moments and scenes 
connected with them, which mast appear to start out from the surrounding 
obscurity of their period ; and a little reflection will shew that they are generally 
not the class of incidents which might seem to have the strongest claim to be 
remembered. It is true, that the impression of some one moment may be so 
strong as to remain unparalleled through life. But this is not the description of 
the greater part of our recollections: there may be an impression of greater power, 
but it is because it is peculiar that it is retained, and not because it is strong. 
Some peculiar aspect of daylight, marked even by a passing thought, will come 
back, when pains and pleasures, emotions and affections, have left no trace. 
Some note of a bird, some scent upon the air, will transport the thoughts over 
long, intervening years, to some scene or moment left far behind in our course. 

This leads me to notice another strong cause of permanence in the recollec- 
tions of early life. I mean the peculiar states of thought which are the result of 
ignorance. From this alone countless impressions are made which must never 
again be known, because they are the offspring of a passing moment's illusion ; 
they have no existence but in the breast. A line of horizon that bounded our 
prospect was a mystery; every stranger came from some strange world; the 
woods and the mountains were haunted by the things of imagination. I will 
take one class of recollections for illustration. Many must have felt how a verse 
of poetry, learned in early years, acquires a degree of expression quite peculiar. 
But it may not occur, how often it happens that the greater part of the charm 
consists in associations wholly supplied by the circumstances and the time, and 
having existence solely in his own imagination. The case is well worth especial 
notice : the tritest common-place has happened to touch the key-note of the fancy, 
and a whole atmosphere of bright illusions mingles with the instant: the language 
has acquired an expression of which no analysis can divest it. But how strange 
and complex will often be the recollection: it will bring back the moments, the 
actual scenes, the bound of the youthful breast, all in that same fictitious colouring. 
The scene that was present will be lighted with a fancied sunshine, and affected 
by states of feeling that cannot be effaced, because they cannot be felt again. 

It would be, indeed, a deep error to ascribe these effects to any degree of 
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attention, or to any mere force of impression. A little reflection must remove 
this error. The force of an impression has also its effects, but these are such as 
to conceal the reality from careless observation. I think it may be admitted that 
an impression which satisfies the essential condition here enforced will be effec- 
tive in proportion to its force. But it is, as a fact, quite obvious, that neither 
the degree of attention, or of pain or pleasure, or any other alleged help to me- 
mory, marks the degrees of recollection. Long courses of severe study are soon 
forgotten, violent terrors, painful operations, tedious intervals of disease, pass 
wholly ; while trifles, too frivolous to mention, retain their indelible place in the 
mind, and can be recalled by ‘the chain wherewith we are darkly bound.”’ The 
reason is not difficult. When deep attention is most required, it is evident that 
the elements of the idea thus to be attained must necessarily have been reached 
by a process in some degree excluding the simple and simultaneous unity of the 
apprehension. It is, as it were, forced to coalescence by parts. This is a result 
essential to a purpose distinct from memory ; it induces a stronger and more per- 
manent grasp of a present state of mind; but when this passes, there is no very 
apparent reason why it should be the easier to recall. The fact is otherwise; the 
problem is forgotten, and the half-noticed trifle is remembered. Attention has 
its proper functions, which have relation to the active pursuits of the present; 
the class of ideas to which it belongs is not that which it would be most generally 
useful to retain, facts used, pains endured, pleasures better forgotten. The circles 
of apprehension to which memory refers, faint and remote, present, like the con- 
stellations, a reference, to which the movement and position of all that concerns 
us can be referred. 

It is indeed to be admitted, that incidents and situations involving deep and 
powerful emotions, not only are likely to contain rare and peculiar associations ; 
but it is also true, that they must often be such as to involve a varied combina- 
tion, and to give rise to numerous chains of association. On this I need not dwell. 

I have as yet dwelt only upon those simpler modes of the process of memory, 
in which its essential condition and primary law might be easiest seen. It will be 
next necessary to call the attention of the Academy to operations more complex in 
their nature. Various processes of thought may mingle in the act of recollection, 
and, indeed, I would say that there is no mental operation of any importance, in 
which every faculty does not, in some way, become engaged. We often recollect 
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by inference, by computation, and by comparison ; yet, when the recollection con- 
tains any distinct idea, the same fundamental process may be traced. 

The chief difficulties which affect the subject will be removed by shewing the 
extent to which the principle applies. The statements hitherto made, involved 
the condition of coincidence in time and place. This was, however, only for the 
sake of simplifying. Any kind of coincidence must have the same effect ; as inter- 
vals of time recede, they diminish to the apprehension, by a law very similar to that 
of space. Numerous incidents of former years having some common feature, and 
nearly the same distance, become confused together into a point of time. Of these, 
the most common instance is, where there is the community of place; other com- 
mon characters will mostly combine with such recollections, and the separation of 
time, with other diversifying marks, will be lost in the coincidence thus realised. 

Again, there is in most minds some chain of habitual recollections ; facts asso- 
ciated with the identity of the person, and connected with states of mind seldom 
wholly lost. A lawyer, or a physician, carries with him a present sense of what 
he is. Most men are identified with the idea of home. From these main lines, 
countless ramifications of a fine and complex series run in every way into the 
past and future; some ideas or occurrences take deep root, because they are 
dwelt upon, repeated, and variously interwoven with ourselves and our pursuits ; 
they have either seized upon some affection and mingled with the sources of 
emotion, or are connected with our pursuits. The mere attention, or the mere 
impression, or the relation of whatever kind, has been but a circumstance, and 
rather a cause of the process out of which the recollection arises, than of the re- 
collection itself. In this discussion it will be useful to observe, and keep in view, 
the common state of mind out of which all its operations must be supposed to 
begin. Like all known agencies in nature, it must have some moving power to 
alter its immediate state. When any state of thought is strongly induced, it seems 
to be an inference that it must be in some measure slow to pass away: and if so, 
it may be perceived that the operation of habit must also in some degree have 
begun. If it is a state which frequently occurs, it is therefore evident, that it 
must acquire somewhat of the character of a fixed association. As objects fill a 
broader space in that compass of time which constitutes our present, and obtain 
more numerous links of connexion with the main course of our pursuits, it will 
be proportionably continued from day to day, and from year to year ; and thus is 
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formed the chainwork, by which our references to the past are actually made. 
As we go on from day to day, a large compass of the ideas with which we are 
mainly concerned accompanies us; our present is somewhat analogous to the 
ship’s horizon, which still appears the same though the place is changed ; and 
thus, too, are we possessed of a broad expanse, from which to search back, and if 
we observe to how large an extent the ideas which exert our attention to-day are 
but a continuation of yesterday, and that life itself is actually an external realiza- 
tion of this internal series of the thoughts, it will be easy to see, by what marks 
and points of departure our reckonings and computations of past events can be 
made. It is not merely by a pure associative process, that the more important 
portion of these recollections are made, and it will materially tend to clear and 
confirm this theory, if, before going further, we briefly dwell upon the ordinary 
process of active recollection. 

Metaphysical writers have mostly adopted or admitted the division of memory 
into active and passive—remembrance and recollection. In each there is the 
same elementary process; each is the result of some suggestion of the present 
moment. In the passive, memory is awakened either by the present occurrence, 
or by the immediately prevalent tendency of the mind. In its vaguest reverie, 
the mind may be supposed to drift from state to state; and whatever be the 
aspect of thought, or however dim the apprehension, there must, while conscious- 
ness remains, be some gleam of thought; and there is no thought unconnected 
with suggestion. Such is the condition out of which the dream arises. 

In the active process, various means are resorted to for the purpose of recol- 
lection, and, as I have already observed, all the faculties are employed. A date 
is fixed by computation ; causes and effects are considered; to find what hap- 
pened, what may or may not have happened is examined ; the concurrences and 
combinations of the several lines of event are attentively traced; the means are 
various as the uses of reason. But these are not strictly the pure process of 
memory here to be considered. To make this process evident, it must be 
observed, that on any occasion whatever, before the will to recollect can be enter- 
tained, there must exist some present motive or reason for the inquiry ; and it 
cannot but be at once perceived, that this motive itself offers or involves the first 
link of the train of suggestion. However remote, there must be some con- 
nexion between the idea sought and a purpose originating the search for it. Nor 
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is it necessary to suppose this connexion very direct or immediate: an investi- 
gation may consist of many lines of thought, and have many stages of investiga- 
tion ; each of these must offer some continuity of premises and conclusions, which 
reason and judgment may regulate, combine, check, and compare. 

When any one engaged in business has to recur to a past fact, if this 
should not be presented in the regular order of the proceeding, his first step is an 
effort to put his mind into some course of probable suggestion. These are innu- 
merable, but the chief are, perhaps, date and locality. He will try to place him- 
self in the precise circumstances under which he became cognizant of the fact,— 
the day, the place, the page of the book, the persons present, the acts on which 
they were occupied. In the course of such a process he will also apply his reason 
to each as it is called up, and thus obtain new directions or confirmations. 

There is connected with this consideration a curious fact, which is universally 
experienced. I mean the power the mind possesses of re-perusing a past apprehen- 
sion, so as not only to recover it in its original form, but, by altering the direc- 
tion of the attention, to catch features which, while present, were not observed 
distinctly, though they formed a part of the whole idea. We are, for example, 
passed in the street by some friend, without the remotest sense of the fact, 
beyond the vague perception of a moving form ; a hundred yards are traversed, 
and suddenly the same figure returns on the thoughts, and is instantly recognized. 
This, I believe, sometimes occurs to most persons. Again, suppose a person to be 
asked if he met somebody in a crowded assembly ; his thoughts will most likely 
at once revert to the scene, and he will find himself analyzing it as if it were pre- 
sent. 

An application of this principle may be found in the method of artificial 
memory, which, some years ago, was employed for the purpose of education. 
This application is so evident, that I will only remark that it exemplifies the prin- 
ciple in its purest form, and separated from all those adjuncts which usually 
accompany and modify all the main processes of the understanding : it, indeed, 
might be used for experiment. From this consideration may be inferred its hurtful 
character, as an instrument of instruction. The injury thus suggested was two- 
fold ; it separated the exertion of the memory from all the concomitant operations ; 
it made knowledge purely dependent upon association ; and it also substituted one 
class of false associations, for all those which should be taught to arise out of the 
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relations of things. For the purpose of this present investigation, however, I would 
suggest, that the method thus abused would offer the surest mode of trial; and I 
would freely stake my proposition on its results; it was indeed, but a vicious iso- 
lation of that natural process which is of the most constant and uniform avail. 
Those persons who are much conversant with books, are aware how often the 
recollection of the date, the fact, or even the step of a chain of abstractions, is 
helped by the place of the page. The formule of science afford a similar assis- 
tance to the geometrician. 

I am thus led to a very important consideration, which has a material bearing 
of a more general nature, but can only here be noticed as concerns the immediate 
subject. It is probable that it may be observed how uniformly I have taken my 
examples from the phenomena of vision. 

I believe that the laws of the mind are simple and uniform, and that its main 
elementary processes are equally operative in every class of ideas ; but it is not 
easy to bring the several classes into distinct evidence for the purpose of mere 
exemplification. The present purpose requires the help of those ideas which are 
most uniformly distinct, and of which the coherence can be most easily appre- 
hended without confusion. It would demand more than an essay to fix the 
shadowy transitions and glancing associations of moral sentiment, to the satisfaction 
of any one reflecting person ; and if this were done, it might not be so easy to 
satisfy another; and the difficulty very much consists in this,—the operations 
and processes of the mind are not, like our ideas, directly the object of attention, 
but elementary influences and transitions, of which the result alone is distinctly 
perceived. And, therefore, it is from our distinct ideas, and from those states of 
apprehension in which their coherency can at once be observed, that the most 
available cases can be derived. Of these, ideas of sensation are the most gene- 
rally distinct ; in the work of memory they are, therefore, most used, and those of 
sight most of all. Visible phenomena supply the entire ground of most men’s 
thoughts ; a fact which is to be perceived in the universal structure of language. 
There is scarcely a course in which the mind can be engaged, in which they 
will not afford the main support and guide to thought and action. A little 
reflection may, perhaps, even lead to a statement much less qualified, but scarcely 
less true. The whole structure of our knowledge, the substratum of all our moral 
affections, and the entire substance of most men’s thoughts, is founded in, and 
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immediately tends to the external world of sense. We have few ideas unassociated 
with sound, and taste, and scent, and sight, and those of sight are a thousand-fold 
more than all the rest. To any of these, however, the application of the theory 
is the same. Mere abstractions, it is true, are not so easily combined; nor so 
easy to recollect ; they mostly require some system of signs. There is, however, 
no reason why they should not be forced similarly to cohere under the influences 
of habit and peculiar genius. 

Some illustration of this theory may be derived from a few special applications. 
The common effect of time in diminishing the coherence of our accidental asso- 
ciations may be briefly explained. I do not, of course, here mean to include the 
more decided lapse of memory which occurs in advanced years, and which is attri- 
butable to physical decay; but that diminution of the powers of retention, 
which is very generally noticed in persons of mature age, and which is implied 
when we hear the freshness of youthful memory spoken of. As years advance, 
and habits, places, pursuits, and other circumstances, pass through many changes, 
it is plain that the sum of most men’s ideas, limited in amount, has passed into 
numerous combinations, with a variety almost unlimited. Consequently, after a 
time, there will remain few associations of the accidental class, of which ali the 
components must not have become so variously involved as to have lost all exclu- 
sive appropriation ; and thus there must follow a diminution in the coherence of 
our accidental associations. This, it ought to be observed, implies no real inconve- 
nience or disadvantage ; there is, on the contrary, a beautiful adaptation to the 
actual uses of the intellect, in a system ofadjusments, by which at each period of life 
the memory is modified precisely to meet its real purposes. In early years our 
knowledge is mainly derived from the world of sensation ; the senses themselves 
are first disciplined by habit, and those habitual intuitions are acquired by which 
we rightly see and hear. Observation next begins to note the similarities and dis- 
similarities of things, to classify and accumulate the facts which are to be the mate- 
rials of reflection, and the foundation of knowledge: but as reason advances in 
this course, there is an increase of the efficiency of the habitual processes and 
associations, the expertness of inference, the discriminating power, the special 
attainments of profession and the formularies of thought and language which these 
involve. The more complex ends of reason are to be attained by more appropriate 
processes. Thus there is a compensation adequate to the change of circumstances 
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but, in point of reality, it is easy to ascertain that the change is not in the struc- 
ture of the mind; which, if we could imagine it translated into a different system 
of external existence, would be found as young and fresh, in point of memory, as 
in its earliest years. This may be illustrated by the case of the traveller, whose 
observation is forcibly impressed by new combinations. Thus, then, while in 
ordinary life occurrences lose their distinctive character, and every thing becomes 
less memorable, because it is less peculiar, other and more advanced instrumen- 
talities are substituted. From the same principle it arises, that there are recol- 
lections retained from childhood which survive all others; they contain elements 
which, having no existence in reality, cannot be mixed up in the patchwork of 
common life; they are associations sw? generis, and contain a principle of perma- 
nence, which preserves them until all thoughts and feelings are passed away. 

It has been frequently noticed by physiological writers, that in cases of mental 
derangement, somnambulism, and, I may add, dreaming, the péculiar manifesta- 
tions of the mind appear subject to a very curious law. These manifestations are 
observed to pass away with the state from which they have their rise, so entirely 


as to leave no trace on the memory, and in such a manner as if the person affected - 


had undergone a total change of identity. Now, if this be true, as I think it to 
be (with certain exceptions, unnecessary to notice here), it is easy to perceive 
with what curious accuracy it would follow as a result from the present statement; 
for a very slight consideration will make it appear, that most of the cases here 
referred to, are such as to exclude the very cause on which memory depends. 
First, so far as they are to be ascribed to causes purely physical, of which the 
effect is to induce some intellectual deviation from all the states connected with 
reality, or to operate illusively on the senses or the apprehension. In all such 
cases, however modified, it is evident that it is not likely, when the diseased state 
shall have passed, that any element of the illusion will remain. Cases can be 
indeed supposed, where this rule would not apply very clearly, but even if such 
be supposed, there is still reason to infer that the hallucination in its nature most 
nearly resembling common occurrence, would be forgotten, so far as it has no 
actual comptss of reality to which it can be referred. Whatever may be 
abstractedly possible, in point of fact there will mostly remain no association. 
But if we assume that, after an interval of sanity, the previous state of disease 
should return, it is equally apparent that the same combination of elements may 
arise, and that, in consequence, there will appear an unbroken continuity of exist- 
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ence between both paroxysms, in which the diseased subject may travel in memory 
from one to the other; the same field of view will be restored, and with it the 
same virtual perception of identity. 

I forbear from the complicated consideration of the difficulties which seem to 
me to arise from the fact, that numerous cases of insanity plainly involve a com- 
bination of the sane together with the deranged operations of the mind. This 
involves nice questions as regards insanity, but does not affect my present state- 
ment. I only speak of such cases as come under the description on which I have 
reasoned. 

The phenomena of dreaming may perhaps afford the most available cases for 
my purpose ; they lie within the scope of general experience ; they are also sub- 
ject to various’ and considerable modifications, from the gradation of transitions 
which seem to occur in the act of falling asleep, and, it may be presumed, in 
waking. Most persons may, I presume, have experienced the curious transition 
which sometimes affects the thoughts in passing from one state to the other ; how 
the reasonings wander into inconclusive and mysterious results, and the concep- 
tions drop the form of waking reality, and take monstrous forms, or enter into 
successive changes of fantastic combination. Mr. Stewart supposes a successive 
change of the faculties, in the respective transitions between sleeping and waking. 
I do not think it necessary to adopt this theory, but I may observe that it is very 
agreeable to the actual phenomena, and may at least be useful as an illustrative 
assumption. I think it nearly evident, from the observable transitions I have men- 
tioned, confirmed by Mr. Stewart’s observation, that in sleep there are changes in 
which the mind makes approaches to the waking state, such as might be justly 
described by Mr. Stewart’s language; and thus there is incidental to dreams a 
mixture of the effects of both states. Thus may arise cases most adapted to test 
the present statement, as it is evident how the actual associations of waking reality 
may offer a clue to memory in some cases, while in others there may occur no 
element of reality. Now, in the one class, a dream may be recalled by real 
incidents, in the other, it will recur only in a renewal of the same state : and such 
is the actual description of the facts, so far as I have been enabled to observe them. 
It will, I think, be easily ascertained, that when a dream is remembered, it is 
mostly by the intervention of some association common to the state of waking. I 
say mostly, because there is a different tendency of the mind, by which it retains 
its existing state during some interval of time: from this it is that the sleeper 
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sometimes awakens from some unintelligible state of mind, which he vainly tries 
to grasp, and which utterly passes from him even while he is trying to comprehend 
it. But the dream thus continued may be, and, from what I have said, is most 
likely to be largely combined with the elements of waking thought. In such case 
it will be distinctly remembered. Further, it may contain the actual conditions 
of present reality,—that is, the light, place, and combination of circumstances, may 
be such as to imply the present scene and time. When this occurs, there arises 
an impression of reality combined with the recollections. Hence, I have no doubt, 
some ghost stories may be explained. 

Some persons may have experienced the recurrence of the same dream, with 
the distinct recollection of the same phenomena. This would be an instance of 
the peculiar community of ideas between two similar states, as already noticed. 

There is another case still more illustrative, though less likely, when it occurs, 
to be distinctly observed. A dream, of which there has been no previous remem- 
brance, is suddenly recalled to mind, even after several days, by the recurrence 
of some slight appearance or impression which it contained. ‘The explanation is 
obvious. Ido not dwell on these facts; where they have been observed the 
application needs no comment, where they have not it is too vague. 

I have now stated the conclusions which, with the help of observation care- 
fully pursued, I have drawn from the assumption of a law of consciousness which 
I consider to be easily ascertained, and to be capable of verification, both from 
reason and observation. That in the process of simple apprehension, there is an 
essential unity at every instant of time ; that this unity is the general condition 
of distinct thought, so that, while it is a primary condition of simple apprehen- 
sion, it is also the result of a habitual process; and that in every distinct idea, 
however various may be its components, there is a virtual or actual unity. These, 
I would submit, may be regarded as ascertained data in the theory of our intel- 
lectual state. 

In stating this theory I have avoided all considerations of the speculative 
theories of authoritative writers. Ihave carefully kept free from definitions or 
from reasonings dependent on the sense of terms, which are definitions in dis- 
guise ; but carefully selecting such facts as I thought likely to be coincident 
with common experience, I have endeavoured to present them in the ordinary 
idioms of the world. 

The real difficulties attendant on this class of investigations, when thus at- 
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tempted, arise from the indistinctness and complication of our thoughts, and from 
our entire unconsciousness of the slow courses of habit. This is, indeed, a topic 
which demands separate consideration. It has been involved in the most strange 
misconception by some of the ablest writers, of whom I shall only now say, that 
they have too much disregarded the distinction between the succession of distinct 
ideas and the habitual processes of the mind. A difficulty must arise from the cir- 
cumstance, that to think effectually the attention must be directed to the idea, and 
not to the operation. It is nearly impossible to seize and fix, for the purpose of 
analysis, the drifting currents of nearly evanescent thought, from which, in the 
most heedless moment, ideas seem to start spontaneously, because their origin 
is not traced, while we seem to think by chance, because we are not fully sensi- 
ble of the law which governs the lightest movement of the mind. Methods of 
judging and of thinking far beyond the reach of mere reason to discover, the 
creation of habitual processes, become intuitive as they are formed; and though 
children can command them, philosophy has failed in the effort to explain them. 
Hence the infelicitous oversight, into which modern writers have fallen, of ex- 
plaining these intuitions by referring them to unconscious arguments. 

One remarkable result of this theory is the distinctness with which it brings 
into evidence the simple elementary process of thought called memory. It seems 
to divest it of the character of a faculty or original elementary power, and to 
refer it to the law of consciousness and the external constitution of things. When, 
however, we carefully analyze the process, as described and traced in this Essay, 
the elementary law appears to consist in the intuitive tendency to revert to the 
whole original apprehension, from the recurrence of any component part. This ten- 
dency, then, is memory. Buta little careful consideration of the operations of the 
mind would shew, that the process called memory is but one mode of the operation 
of this tendency, in which the idea of the pasé is in some way included. The 
idea of a scene of yesterday differs from one of to-day, inasmuch as it was present 
at a particular hour, marked by its place in the chain of thought. The idea of a 
scene to come is, so far as our knowledge permits, conceived in all the wholeness 
of the present or the past. It, however, wants the main characters of actual reality 
and of self-consciousness which are the real distinctions. The times and locali- 
ties of the past are fixed by variously crossing lines of reality, which, hke circles 
of latitude and longitude, fix the point of past existence. These points are pro- 
minently marked by the strong and impressive component of the sense of personal 
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identity, which is the constant quantity in every transition. There are, for all of 
us, eras of life of which our present is itself but a result. From these our main 
reckonings are dated. But these are useless reflections. 

If from a careful and patient analysis of the facts, which are to be had only from 
observation of the actual operations of the mind, we can succeed in tracing their 
apparent mode of working, I am fully convinced that intellectual philosophy can 
reasonably expect to go no further. The attempt to reason to known facts from 
unapparent processes, of which there is no evidence but that they might lead to 
such results, may very well be used as empirical, where empirical theory can be 
of any avail. In metaphysics it is fatal, and has, moreover, been applied with 
great rashness. The results to which, in some instances, it has led, have no foun- 
dation in fact or in reason. Mr. Stewart, and his followers, some of them as able 
as himself, have, by means of this mistaken philosophy, encumbered the theory of 
mind with a system of concealed machinery, more complex than the apparent. 
For the short, simple, and perceptible methods of habit and intuition, they have 
thought it necessary to assume the existence of impossible trains of reasoning, 
unknown to the reasoner or to any one else, founded on considerations not within 
his cognizance, and completely beyond the power of his conscious and ordinary 
faculties. 

Of the method, of which the elementary principles have been laid before the 
Academy in this and the previous Essay, I may be permitted to say, that it is 
consistent with, and founded upon, the facts of observation ; that it has the 
simplicity of principle, and the uniformity and fertility of application, which is 
one of the most remarkable distinctions of the laws of nature. I would also plead 
in its favour, that it displays much adaptation to the condition of man in this 
world, offering a system of processes which are founded on a common principle, 
and which increase and diminish, combine and vary, with a plain adaptation to the 
stages and concerns of life. 

These remarks have the appearance of commendation, but this I must beg fo 
disclaim. I offer them as reasons, on which I do not think necessary to dilate. 
On a subject, on which so many far more able writers have failed, it would be 
too presumptuous to expect further success than the addition of some facts in a 
right direction. My statement may be accepted as one of those tentative essays, 


which every one has the right, who has the will, to make, and for which this Aca- 
demy is the appropriate place. 
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I1V.—On the Defacement of Divine and Royal Names on Egyptian Monuments. 
By the Rev. Epwarp Hincks, D. D. 


Read February 26, 1844. 


THEREis no subject connected with the Egyptian monuments on which greater 
diversity of opimion has existed, than the studious defacement of certain names, 
and portions of names, which many of them appear to have undergone. The first 
idea of Champollion was, that all these defacements occurred at one time, namely, 
that of the invasion of the Hyk Shos ; but this was soon found to be erroneous, as 
the great majority of the names defaced were those of persons who lived subse- 
quently to this invasion. Other opinions have been since advanced; but, as it 
appears to me, they are not such as a fair examination of the facts observed would 
lead to. I have, therefore, drawn up a memoir respecting these defacements, in 
which I refer the principal ones to four occasions, which I specify ; and in which 
I mention the instances of defacement which have been observed, that belong to 
each of these occasions. 

The first occasion of defacing a royal name was the dethronement or death 
of Queen Amuneth (fig. 1), the successor of Thothmos II. (fig. 2). This 
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queen governed Egypt for about twenty-nine years, during which her brother, 
Thothmos ITI. (fig. 3), appears to have had no share in the sovereignty. He pos- 
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sessed, however, the title of king, and appears along with his sister on most of 
her monuments, as on the great obelisk at Karnac, and on the propylon at El- 
Assassif. It seems that the king was not satisfied with this state of things; and 
that on his attaining to the sole sovereignty he defaced the name of his sister in a 
variety of places. He sometimes left a blank space, as on the statue of Onevto 
in the British Museum, and on another statue in the Athanasi collection, the 
inscriptions on which have been copied by Mr. Bonomi and Mr. Sharpe. 

In other instances, as on the propylon at El Assassif, he substituted either his 
own name, or that of his father, for that of his sister, adding a beard to the face 
of the latter. And as he himself was represented on this monument, in its origi- 
nal state, accompanying his sister, he defaced also his own original cartouche, 
inserting in it the name of his wife ; so that he and his wife appeared to occupy 
the two places originally designed for his sister and himself. The changes, however, 
which would be necessary in order to reduce this monument from one of Queen 
Amuneth and her brother Thothmos III., to one of the latter exclusively, were 
more than could be carried into effect; and the ill-success of this attempt pro- 
bably saved the great obelisk at Karnac from a similar defacement. The femi- 
nine pronoun remained unaltered, and its use in reference to a bearded figure 
completely mystified M. Champollion, leading him to adopt a theory respecting 
these royal cartouches, which, it appears from Mr. Birch’s late publication, “ The 
Gallery of Antiquities,” has not yet been abandoned as involving a tissue of 
absurdities. M. Champollion has confounded two queens regnant, Amenset, who 
appears to have been grandmother to Thothmos II., and Amuneth, who was cer- 
tainly posterior to him. Of these two he makes one queen, whom he supposes 
to be sister of this king. He gives her two imaginary husbands ; one of the name 
of Thothmos, and another, to whom he assigns as a name the phonetic name of 
this queen herself, which he reads Amenenthe, and whom he supposes to have 
governed in her name as a regent. Lastly, he supposes Thothmos III. to have 
been the son of this queen by her first husband Thothmos. This theory has been 
adopted, with slight modifications, by all subsequent writers, including Sir J. G. 
Wilkinson, till I pointed out to the Royal Irish Academy in 1838, that the 
builder of the Karnac obelisks was not the mother but the sister of Thothmos III. ; 
and that the long monumental reign of the latter king is to be attributed to the 
fact of his dating his years from the death of his father, while Manetho only 
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counted that portion of his monumental reign which elapsed after the death of 
his sister. 

The second occasion of defacement was a change in the religious sentiments 
of Amenothph IV., which led him to deface all the monuments of his predeces- 
sors in which the name or figure of Amoun, or Mouth, occurred, including all 
royal or other names, of which this name of Amoun formed a part. This change 
of sentiment led him to alter his own name from Amenothph (fig. 4, a), to 
Vach-en-Aten (>); and in one instance, mentioned by M. Prisse, on one of the 
blocks of a ruined propylon at Karnac the new name is found cut over the former 
one. It is yet an unsettled point in 
what precise place in the chronological 
series this fanatical enemy of Amoun 
should stand. It is clear that he 
reigned after Amenothph III., because 
the name of that monarch has  suf- 
fered defacement at his hands; but it 
is not likely that he was his immediate 
successor. He seems to have been the 
son of that king whose tomb is in the Fig. 4. 
western valley along with that of Amenothph III., and who has been called 
Skhai. This was certainly not his real name; but as it is not easy to say what 
this last was, and as it has been generally given to him, I will retain it on this 
occasion. It seems to me that Skhai was the son, and Amenothph IV. the grand- 
son of Amenothph III.; and that they reigned in Upper Egypt 
(fig. 5); while Horus, who was ultimately monarch of the whole =) =a i 
country, reigned in Lower Egypt (fig. 6). All these monarchs @ © 
bore the general titles denoting sovereignty over the two divi- 


Fig. 5. Fig. 6. 


sions of the country, which were words of course, and implied nothing; but the 
peculiar marks within the latter cartouche of each king signified over which part 
of Egypt he ruled, if he were not king of the whole. Thus Amenothph ITI. was 
in all his cartouches entitled King of Upper Egypt; while his brother Amun- 
tuonkh is always entitled king of Pone or Penne, that is, Lower Egypt. 1 
believe the use of these two distinguishing marks to be, in every instance where 
they occur in a genuine cartouche, evidence that the king whose cartouche it 
02 
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was only reigned over a part of Egypt,—evidence that there was another king 
in existence who bore the corresponding marks. If this can be established, it will 
lead to some conclusions of rather an extraordinary nature respecting the succes- 
sors of Rameses the great; and I will, therefore, digress a little in order to 
answer some objections that may be started 

In the first place, it will be said that fig. 6 (see the preceding page) is not 
« Lower Egypt,’’ but ‘‘ Heliopolis.” To this I answer, that the mention of this 
place on the obelisks of Heliopolis only proves that that city was 7 Penne, which 
I do not deny. It is, however, extremely unlikely that Penne should be a mere 
city, seeing that Amuntuonkh, Horus, Rameses III., and other kings, are admitted 


to be generally called “ Kings of Penne.” But that Penne was really a tract of 


country, extending northward to the Mediterranean Sea, is placed beyond a doubt 
by the Sallier MS. No. 2, in the British Museum, in which the Areku en Penne, 
or “extremities of Penne,’’ are frequently mentioned ; and in one instance are 
named, along with Ebo or Elephantine, as the opposite limits of Egypt, at the 
time of which the MS. speaks. Secondly, it will be said that Rameses III. 
could not have been King of Lower Egypt, as this theory would make him, 
because his palace was in Thebes. To this I answer, that the division between 
the two kingdoms may have varied at different times, and that it is possible that, 
in this instance, Rameses III. may have governed the western half of Thebes and 
all Egypt northward of Thebes; while his partner in the government held the 
eastern half of Thebes, and all Egypt to the south of Thebes, with Nubia and 
Meroe. Thirdly, it may be objected that, in the cartouches of the early Ame- 
nothphs, who were kings of the entire of Egypt, the same distinguishing marks, 
King of Kheme(?) or the pure country(?), i.e. of Upper Egypt, are found. To 
this I answer, no such distinguishing marks are ever found in any genwine car- 
touche of either Amenothph I. or Amenothph II. The cartouches in which 
they occur are all restorations by Horus and subsequent monarchs, of cartouches 
of these kings, which were wholly defaced by the sun worshippers; and the 
insertion of these distinguishing marks is to be attributed to the ignorance or 
carelessness of the sculptors, who inserted in their cartouches characters which 
properly belonged only to Amenothph III. A plain proof of this is to be found 
in an examination of the obelisk of Amenothph II. in the Alnwick Museum. In 
the pyramidion of this obelisk, the genuine cartouche of this king remains 
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(fig. 7, a), and is without the distinguishing marks ; a b 
but in the vertical hieroglyphics, the name has been 
defaced, and the restored name, 6, bears the distinguish- 
ing marks which do not properly belong to this mo- 
narch. 

The defacements made by order of this monarch | 
may be reduced to three classes. Ist. Those which at aaa El | 


be) 


were never restored ; the name of Amoun having been | 
hammered away, and remaining so still. Such is the S47 \._ 
case with the lesser obelisks at Karnac, in which the Fig. 7. 
name of the god Ammon and his figure are completely defaced, though the 
name of the king, Thothmos, by whom they were dedicated to him, is unin- 
jured.* A stele of Mr. Harris’s, in which a deceased person of the name of 
Amenothph is commemorated, has the name defaced in four several places; 
and im the statue in the Athanasi collection, already referred to as having suf- 
fered by the first defacement, the name Mouth, which forms part of the name of 
the deceased person for whom the statue was erected, is repeatedly hammered at, 
though in general ineffectually. 

2. The second class of defacements made by the sun worshipper are those 
in which he himself altered the name that he defaced to another. This he did 
in the case of his own name, as already mentioned, and in that of his grand- 
father(?), Amenothph III., in which he frequently substituted a repetition of the 
prenomen for the obliterated name. At a subsequent period the name of Ame- 
nothph was restored, being cut over the repeated prenomen. I am aware that 
Sir J. S. Wilkinson makes a somewhat different statement of the facts observed. 
He alleges that the repeated prenomen was what was originally cut; and that 
only one change took place, which, he thinks, was in the reign of Amenothph 
himself, namely, the substitution of the phonetic name for the repeated praenomen. 
I am persuaded, however, that, in many cases, the repeated prenomen is itself a 
substitution for the phonetic name. A careful examination of the stone proves 
that it is less elevated where this repeated prenomen occurs than in other parts ; 
nor do the two pranomens appear, if closely examined, to be the work of the 


* Burton, Exe. Hier, pl. 29. 
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same sculptor. I believe that this is the case in every instance where the prenomen 
is repeated; but if Sir J. S. Wilkinson be right in his supposition, the conclu- 
sion which I should draw is this:—Amenothph III., in his old age, became a 
proselyte to sun worship, in the same manner as his successors at Thebes; he 
abandoned his name, using in his later monuments a repetition of his prenomen 
in place of it. These monuments, consequently, escaped the hostile chisel of 
his grandson; but on the Ammon worshippers recovering the pre-eminence, as 
they did under Horus and his family, the name of Amenothph was restored 
in these cases, as well as in the cases where it had formerly existed and been 
defaced. 

3. The third class of defacements made by the sun worshippers is, perhaps, 
the most numerous of any; at least it contains the most important monuments. 
It consists of those in which the defacements made by the sun worshippers were 
restored to their original state, or nearly so, by subsequent monarchs. Among 
these monuments may be named the great Lateran obelisk at Rome, the largest 
now in existence, on which (as Mr. Bonomi has pointed out) the figures and 
name of Amoun are lower than those of the king, and sculptured in a different 
style. I cannot, however, agree with Mr. Bonomi, that, on this obelisk, it is 
evident that “ Amon usurps the place of some divinity who preceded him, and 
whose figure or titles have been scrupulously erased to make room for his rival.” 
The contrary appears quite evident to me; the name and figure of Ammon were 
erased by one party, the sun worshippers, and restored by another, the Ammon 
worshippers of the family of Horus and Rameses. The same thing has happened 
with respect to the great obelisks at Karnac ; the figures and names of Ammon 
were obliterated and have been restored. Here, however, we know the name 
of the king who restored them, viz. Menephthah I., who has inscribed his name 
on one of the faces of the obelisk as “ its restorer.”’* A like defacement and re- 
storation have befallen the Alnwick obelisk of Amenothph IL., as already noticed ; 
here, however, it is confined to a single name; and a close examination of the 
monuments in Upper Egypt and Nubia, anterior to the reign of Horus, would 
probably add greatly to the list of restorations. 


* I have never seen a copy of the inscriptions on the base of the Lateran obelisk. They are 
said, however, to be of the age of Rameses II.; and they probably commemorate the restoration 
of the monument by that monarch. 
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The third occasion of defacement was the overthrow of the sun worshippers. 
and restoration of the worship of Ammon, under Horus. At this time all the mo- 
numents of Skhai and his son were defaced, the tomb of the former being shame- 
fully violated. The defacements of Gebel Tounh and El Tell took place . 
now, as well as the overthrow of those monuments at Karnac, the blocks of 
which were used by Horus and Menephthah I., in the construction of their 
several edifices. 

Two monuments in European collections appear to have suffered during this 
defacement. One is a stele in the Athanasi collection, dated in the first of Chceac 
in the fourth year of the reign of a king, both whose cartouches are defaced, but 
whose banner is preserved; and from the resemblance which it bears to the 
banner of Skhai, as it is exhibited in his tomb, there can be little doubt that the 
king spoken of is Amenothph IV. At this time he had not commenced his hos- 
tility to Ammon, whose name appears on this stele. At Gebel Tounh we have a 
date thirty-two months later, viz. on the thirteenth of Mesore of his sixth year. He 
had then assumed a new banner, along with his new phonetic name of Vachenaten. 
The sculptures at El Tell are probably three or four years later, as he appears 
there with four children, while he has only two at Gebel Tounh. This remark 
is due to M. Hote. The other defacement which I attribute to this occasion is 
that on a lion in the British Museum, presented by Lord Prudhoe. One of the 
two lions was executed in the reign of Amenothph III.; the other, which bears 
the obliterated cartouches, is evidently of later date, and must have been the 
work either of Skhai or of his son. I say this is evident, because the inscription 
on the lion is to this effect : ‘‘ The king with the defaced cartouches has renovated 
the monument of his father, Amenothph III.” Dr. Leemans supposes that the 
defaced cartouches are those of Horus, and that the erasure was made by an 
Ethiopian monarch, with a view to insert his own name in their room. It is, 
however, unlikely that such an intention should be entertained; and it is 
still more unlikely that, if the names of the Egyptian king were erased with that 
intention, the Ethiopian king should not have completed his work. There does 
not appear any objection to the theory that the obliterated cartouches are those 
of Amenothph IV., he having executed the work before he changed his religious 
principles, and, consequently, while he still retained that name. 

The fourth occasion of defacement in Egyptian monuments was the hostility 
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to the god Seth, otherwise called Nahas or Noubti, which arose in the minds of 
the Egyptian priests at some time, and from some cause, which are yet unknown. 
This led to the defacement of all those monuments of the kings of the eighteenth 
dynasty, in which he was represented as a beneticent god, and to the defacement 
of his name when an element in that of a king, as it was in the names of Me- 
nephthah I. and Menephthah III., whose true names are Sethei or Nahasei, 
implying devotion to this god. The most remarkable instances of this deface- 
ment are in the statues of Menephthah III. at London and Turin; in the name of 
Menephthah I. on the Flaminian obelisk, where the figure of the god has been 
altered to that of the sun in some places, while in others it has been left un- 
touched ; and in both names at Karnac. 

In the ritual, Seth is always spoken of as the evil principle; and this appears 
to me as one strong argument among many for assigning the composition of this 
work to a later age than the eighteenth dynasty. Detached chapters may, no 
doubt, be traced to the early part of that dynasty; but I am not aware that any 
manuscript exists, to which so great an antiquity can be assigned with any plau- 
sibility. 

It remains to point out the dates of the three first of these defacements. The 
first is about 1325 B.C., according to the depressed chronology which I have 
advocated in my last paper. It would be 1740 B. C., according to Rossellini. 
The second defacement was about eighty years later than this, and the third not 
many years subsequent to the second. ‘The earliest limit of the last of the four 
defacements is 1100 B. C., according to the depressed chronology, or about 1500, 
B.C., according to Rossellini. 

I cannot conclude without requesting that those who have an opportunity of 
examining Egyptian monuments will pay particular attention to the traces of 
defacement which they may exhibit. The subject is far from being exhausted. 
I have mentioned, I believe, the only four instances of any importance which 
occur in early Egyptian history. Other instances, however, occur at a later 
date; after the Ethiopian usurpation, under the Ptolemies, and under the 
Cesars. One of the latest names sculptured on the monuments, that of Geta, 
has suffered defacement. But even if all the occasions of defacement were known, 
it would be interesting to collect fresh instances of each; and, not to speak of 
travelling in Egypt, a person can scarcely enter a large Egyptian museum in 
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Europe, without having an opportunity of detecting defacements which have pro- 
bably escaped the notice of its curators. In the case of undated monuments, these 
defacements, and the restorations by which they have sometimes been followed, 
will often be quite sufficient to determine the age of the monument; in all cases, 
they are extremely interesting, as testing the accuracy of past discoveries, and 
exercising the student in a branch of investigation which he may have an oppor- 
tunity of employing with profit at a future period. 
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V.—On the first and second Kinds of Persepolitan Writing. By the Rev. 
Epwarp Hincxs, D.D. 


Read June 9th, 1846. 


IN the course of my inquiry into the exact powers of the characters in the 
Egyptian alphabet, my attention was directed to the second kind of Persepolitan 
writing, as one, a comparison of which with the Egyptian might throw light 
upon both. From a cursory examination of this writing, it appeared to me that 
it agreed with the Egyptian in some remarkable particulars, such as making no 
distinction hetween the hard and soft sounds corresponding to each other, and 
having several characters to represent the same sounds in different words. This 
observation made me desirous of investigating the nature of the writing more 
fully ; and I accordingly procured the work of Westergaard, who is the only 
writer that has made any considerable progress in deciphering it, as well as the 
last work of Lassen, containing his latest views on the first Persepolitan writing. 
An examination of these works, with constant reference to the inscriptions them- 
selves, led me to the conclusion that the authors had, in some important points, 
misconceived the nature of both these kinds of writing. I found that many rec- 
tifications of the views put forward by them were requisite, before the true nature 
of the languages and systems of writing could be correctly understood. ‘These 
rectifications, as, if I do not greatly deceive myself, I flatter myself I have ascer- 
tained them, I now lay before the Academy, as a companion to my paper on the 
hieroglyphic character. 

To avoid the inconvenience of frequently using the cuneatic characters, | 
give, once for all, a list of them, arranged according to the order of their consti- 
tuent parts, without any reference to their value. This arrangement, so far as 
respects the first kind of writing, is due, I believe, to Seyffarth; and, as respects 
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the second, to Westergaard; I will then refer to the characters by their numbers, 
using the Roman numerals, I. and IL., to distinguish the two series, should there 
be any doubt which is meant. I will also use these abbreviations on other occa- 
sions, to denote the first or second kind of Persepolitan writing, or the people 
that used it. This seems preferable to using the terms Persian or Median, 
which assume facts that are very questionable.* 

My attention was given to the first kind of Persepolitan writing, as necessary 
to the understanding of the second; on account of many words of I., which are 
transcribed into II., and because the many proper names which appear in both, 
often, though not always, express the same pronunciation, so far as the genius of 
the two languages will admit. There are four points in which it appears to me 
that Lassen’s account of I. needs rectification. Ist, As to the existence of guna 
diphthongs in the middle or at the end of words, which he does not recognize. 
2nd, As to the use of 2 (w) after 26 (~), and of 16 (y) after 33 (7). 3rd, As 
to the nature of the secondary consonants, as I propose to call them, generally. 
And 4th, As to the powers of some particular consonants, both primary and 
secondary, which he has mistaken. I will mention these several points in order. 

1. Lassen’s rule for inserting a short a in words is, that it may be inserted 
between two consonants when there is no other vowel. Now, it appears to me 
that it may be added to any primary consonant, and that to some, as I will pre- 
sently shew, it must be added, when 7 or w follows. In this case it may either 
combine with the vowel as a gwna, forming a diphthong, or be sounded as a 
separate syllable. As examples of the former, I give the words which Lassen 
writes bagibis, dgunus. The root of the first is baga ; and, in the second, the conju- 
gational addition to the root before the verbal personal endings is na. I would, 
therefore, supply a in these two cases as a guna, converting 7 into é, and w into 0, 
reading bagébish and dqunésh. I will give examples of dizresis when I come to 
speak of the secondary consonants, my present observation being merely intro- 
ductory to what I shall then have to say. 

2. Lassen admits that za and wwa, at the end of words, are sometimes to be 
sounded as long # and “@; but in general he gives them the pronunciation ‘ja and 
uwa. The difference between him and me on this point is, as to the frequency 


* I have zow no doubt that these are their proper designations. 
P2 
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with which these different modes of reading the same characters should be 
adopted. He seems to consider the reading the two characters as one syllable to 
be rare, whereas I believe it to be the most common mode; and | read many 
words thus, without a final a, which he reads with it. I think, too, that it was 
not always a Jong i or u that was intended to be expressed. Though there are 
instances of words terminating with ¢ or w, they are very rare; and it appears to 
have been considered incorrect spelling: 7, or (as I would write the latter cha- 
racter, 16) 7y and ww, seem to me to be, for the most part, used as we should use 
i and w at the end of a simple or compound word, by no means implying that 
the vowel was to be lengthened. Thus, I read the two last syllables in Lassen’s 
dmija as one, dmi, “1 am;” and so, Sdtija, Sati, “he says;” translating both 
words as verbs in place of adjectives, as Lassen imagines them to be; and, com- 
bining this principle with the last, I read, instead of Lassen’s tjia, tyé for tyat, 
which is just the nominative plural masculine of the article or relative pronoun 
tyas, used in the Védas. Lassen does not admit that this use of 77 and ww for 
Zand % could have place in the middle of a word. Here again I differ from 
him. I read zza for wvaza, as the name of Suza; and so in some other 
instances. But, further than this, where an a is to be supplied after iy or ww, in 
the middle or end of a word, or where the a is actually written, I would drop the 
semivowel, as being a mere fulcrum for the a, necessary, according to the genius 
of I., which did not admit the possibility of 7 or « preceding a, but unnecessary 
in our mode of writing. Thus I would write martiam for “man,” and 
Udrazmis, the name of a country, without the semivowel.* The rule, then, 
which I would propose on this subject, is this: “y after ¢ and w after w are not 
to be expressed; if an a is not expressed after the semivowel, it is sometimes to 
be supplied, but by no means generally.” 

3. I distinguish the consonants of I. into two classes, primary and secondary ; 
the former were such as could be used before the vowel a, expressed or supplied ; 


* Since this was written, I have deciphered the third Persepolitan writing to a considerable 
extent; and I find that the name of this country was expressed in it by ubarasbaya, ba being the 
only mode of expressing both wa and ma ; hence I infer that 7 was sounded in this word, and 
probably 7 and y in other analogous instances. My principal reason for making this slight cor- 
rection here is, that the reader may infer that in other instances, where a correction is not made, 
the statements made in the text have been confirmed by my subsequent researches. 
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the latter were such as could not be used before a, but took the place of some of 
the primary consonants before 7, u, or r. Lassen thinks that these secondary 
consonants differed in power from the corresponding primary ones; he does not, 
indeed, give them the names of primary and secondary, nor does he recognize 
their connexion in the manner that I do; and, in particular, he supposes them 
all to be aspirated. On the contrary, I believe them to be perfectly equivalent 
in sound to their primaries, or to be modifications of them, such as necessarily 
arose from the juxtaposition of the following vowel; and I consider them to be 
remains of the syllabic mode of writing formerly in use, retained for the sake of 
distinguishing syllables with single vowels and with guna diphthongs, which it 
was necessary to distinguish for grammatical purposes, and which, nevertheless, 
could not be distinguished if only three vowels were used, and if there were no 
secondary consonants. 

The manner in which this distinction appears to me to have been made will 
be made evident by the following example. The primary form of the letter m 
was 3; but it had also a secondary form, 17, only used before 7. Lassen writes 
this m, and maintains that both m and m could be used before 2; whence he 
argues that they must express different sounds. I, on the contrary, maintain 
that his m, 3, is never used immediately before 7, but that when it appears to 
precede it, an a is always to be supplied, converting the ¢ into é ; thus, according 
to my view of the matter, while 8, 33 may be read either ni or né, 17, 33 signifies 
mi only, and 3, 33 mé only. It was necessary to distinguish these, because the 
former (with a mute y following it, as lately mentioned) is the termination of the 
first person singular present in verbs ; whereas the latter (with the same addition 
of y) is an enclitic pronoun, used for “my.” Thus, what Lassen reads « wta- 
mija khsathram,”’ and translates “tum hoc regnum,” I read “uta-mé khsha- 
tram,” and translate “meumque regnum.” I. combined the two words “and 
my” into a single word, as in Latin, but in I. the conjunction was the principal 
word, and the pronoun the enclitic, the reverse of what it is in Latin. In like 
manner dé, which Lassen writes dia, was an enclitic pronoun of the second per- 
son singular, signifying “thy.” Instead, then, of using new signs to express the 
secondary consonants, as if they expressed different sounds from the primary ones, 
I write them by the same signs, conceiving that they are sufficiently distinguished 
by their position; and I lay it down as an invariable rule, that if a primary con- 
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sonant precedes 7 or v, when a secondary consonant existed of the same value as 
the primary one, and appropriate to that vowel, an a must be interposed, either 
as a distinct syllable or as a guna to the vowel.* The same rule applies to such 
combinations as yi or wu, which are inconsistent with the genius of the language. 
Thus, I write the name of Darius, Dérayawésh ; I call the country Harazitish, 
which Lassen writes Haruwwatis, inserting an a between 7, 9, and w, because 
there is a secondary 7, 5, which alone can precede w, and, on the other hand, 
dropping the wa after w, pursuant to the rule laid down in No. 2. The Greek 
name is Apaxwoia. The strong breathing between the vowels, here repre- 
sented by x, was, I presume, derived from some other Iranian dialect than that 
of I. In like manner I write Tigrakhédd for Lassen’s khudd, and so in other 
instances. The want of this a, to be supplied before a vowel, has led Wester- 
gaard astray in analyzing the transcriptions of II. It is the principle of that 
mode of writing to express every vowel; but that principle has not been recog- 
nized by Westergaard, in consequence of his having been led to give characters 
the powers of single consonants, which really expressed consonants with a at the 
end. 

Before leaving the subject of these secondary consonants I would observe, 
that, though it was an abuse, the secondary consonants were used occasionally to 
express syllables. Such was the old custom, as we may infer from its being 
the practice in IJ.; and though the alphabet of I. was constructed on the prin- 
ciple of not recognizing it, it was hard to banish from the language a mode to 
which they had been accustomed, and which still prevailed in neighbouring dia- 
lects, and, perhaps, in the popular mode of writing the language I., which was, 
doubtless, as in Egypt, different from the mode of writing used on the monu- 


* Within the last month, Mr. Norris of the Royal Asiatic Society has communicated to me the 
following facts, which appear to me decisive in favour of the rule here laid down. In the great 
inscription at Bisitun, the names of Cyrus and Babylon have the 7 or / expressed by 5, the secon- 
dary form, in the nominative, and by 9, the primary form, in the genitive; and that of Margiana 
has 22, the secondary form of g, in the nominative, and 25, the primary form, in the genitive. 
According to my mode of reading, the declension is, according to the analogy of the kindred lan- 
guages, N. Kurush, G. Kuraush; N. Margush, G. Margaush ; as in Sanscrit, N. Sinus, 
G. Sinés, for Simaus; in Zend, N. pasush, G. paseush. But what sort of a declension would 
be NV. Kurush, G. Kurush ; N. Marghush, G. Margush, according to Lassen’s reading of the cha- 


racters ? 
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ments. Even in the inscriptions of Darius, there seems to be one instance, at 
least, of a character representing a syllable. I allude to the name which is in 
one place written Shuguda, and in another Ség(w)da; where the secondary 
form of g preceding w must, I think, be read syllabically gv. In the inscription 
of Artaxerxes Ochus, the secondary form of w before 7 is used more than once 
to express the syllable wi, as is the secondary form of m for mi. The knowledge 
which we now possess of the strictly syllabic nature of II. enables us to account, 
in the most satisfactory manner, for all these anomalies. An old custom, though 
discountenanced at court, is not easily eradicated from a people, and will occa- 
sionally shew itself. I should add that there are two instances of double letters 
regularly used in I. Instead of a secondary form of ¢ to be used before 7, analo- 
gous to 19, the secondary form of p before 7, I. used 34 to express the combina- 
tion ¢r. The character 15, too, which is used with 8 (7) to express “king,” has 
been supposed by Westergaard to be rp, thus giving the word narpa, from 
nar, “a man,” and pa, “to defend,” a compound which is said to be used in 
Sanscrit. 

4. I now come to consider the errors which Lassen has committed in 
respect to the powers of individual letters. There have been, as yet, thirty-three 
characters met with, exclusive of double letters and contractions, such as é7 and rp. 
I arrange these as three vowels, nineteen primary consonants, and eleven secon- 
dary consonants. As to the vowels, sixteen of the primary consonants, and nine 
of the secondary ones, the only objection that can possibly be raised to Lassen’s 
values is, that he does not give the same values to the nine last as to the corres- 
ponding primary characters, but imagines distinct values for them. There remain 
five characters, three primary, and two secondary, of which Lassen’s values at 
least need to be verified ; and as to one of these, that numbered 10, it has been 
proved by Holtzmann, in the clearest manner, that his value is altogether wrong ; 
that it is related, as a secondary letter before 7, to d and not to k’, or ch. Of the 
other four I will endeavour to settle the values in what follows, But though 
Lassen has given correct values to the sixteen primary consonants in question, 
they are not always such as suggest their pronunciation to an Englishman. I will, 
therefore, substitute other values for them adapted to England. The alphabet will 
then stand thus, the first value of each character being Lassen’s and the second 
my own. As to the vowels and semivowels I refer to the observations already 
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made. It should be observed that the breathing, 21, expressed by h, was a very 
slight one. When initial it was scarcely, if at all, distinguishable from 30 (a) ; 
and when medial it indicated a fresh emission of the voice after an interruption, 
like the Arabic hamza. 


THREE VOWELS: 


30. @, a Soni ae 20: U, ul. 
NINETEEN PRIMARY CONSONANTS: 
2 semivowels, 169, y 2 w, w. 
2 breathings, Q1h,h 27 kh, kh. 
2 labials, 35 p, p 6 b, b. 
2 dentals, Wrente 28 d, d. 
2 gutturals, 13k, k 25 g, g. 
2 palatines, 29 k’ ch ? 
4 sibilants, 14 ¢, 5 ? 
32 s, sh ? 
3 liquids, 3mm 8n,n 91, 7. 


ELEVEN SECONDARY CONSONANTS, YIZ. : 
4 before 2 31 v, w 10 kh, d 17 m, m 67, ? 
6 before u lly, kh 20dh,t 23 dh, d. 
24q,k 22 gh, g 57,1. 
1 before r 19 f, p. 

The characters 12, z, 1, 2’, and 18, $, as Lassen denotes them, are the soft 
sounds of ch, s, and sh; but it is a difficult question to decide which represents 
the soft sound corresponding to each letter, as well as to which 6, 7, corresponds. 
In the inquiries which I am about to make, I will use Lassen’s values of these 
four letters, till I establish my own in lieu of them. I remark, in the first place, 
that it seems hopeless to attempt the solution of this problem by the etymology 
of words. All the words in which any of these letters occur, the etymological 
relations of which I have been able to ascertain, seem to have had, in their origi- 
nal forms, a hard g, which has been capriciously softened down into all these 
letters, just as the hard & has been into s, sh, and ch. The word zandnam 
points to the Greek root yev, in Sanscrit jan. The first syllable in wazarka is a 
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softening down of mag, as I shall have occasion to shew hereafter ; on this, how- 
ever, no stress should be laid, as it is not a word properly belonging to the lan- 
guage of J., but transferred from another language. The same root appears in 
maz, part of the word mazda, but it also appears with a different letter in the 
superlative ma3ishta. Probably the original form, of which this is a softening 
down, was magiwistas, the positive being formed on the analogy of the Latin 
suad-vis, or Greek 7dus, for 76-Fis. The word Sdti is the Greek gat: ; the ori- 
ginal form was gvati or gwati, from which both this Greek form, and the Gothic 
quat, as well as the Latin zmgwit, and the Persian gu, guften, are all derived. 
Again, the word dzZamid, adveniat, is the third person singular, potential or 
optative, from dézam, compounded of the preposition @, ad, and zam, “‘ to come,”’ 
which is not found in Latin or Greek,* but is the Sanscrit gam, Gothic guiman, 
and the Anglo-Saxon cuman. We have thus the three letters in question, all in 
different words, representing the hard g of a parent language, akin to the 
European languages. It must, therefore, be by the help of transcriptions alone 
that the value of each can be ascertained. 

The transcriptions to be looked to are those in II., in Greek writings, and in 
the modern languages of the country. In order that the transcriptions in II. 
should be available for this purpose, it is necessary to use the precaution of not 
assuming the value of any of these letters, in the inquiry into the powers of the 
characters of II. To this I have carefully attended; I have used as data the 
values of the other letters of I., but have carefully refrained from using as such 
the values of any of these three letters. 

The letter z of Lassen occurs in the names Zaraka and Udrasmi or mis, in 
both of which it is transcribed by s. I read the names in II. Hrsa.ra.an.ka 
and Wa.ra.s.wi.s. In explanation of this I would observe that the syllable Zr 
signifying in II. “land,” is here prefixed to the name of the first of these 
people, as it is in other cases substituted for an equivalent prefix, ga or Sa. I 


* Unless, indeed, it appears in ve for gven. The difficulty is in the interchange of the nasals 
at theend. That vivo was gvigvo (whence the preterite in 2a? and supine in zctw7), connected with 
vigeo, and with the Gothic gziva, “ living,” our “‘ quick,” admits of no question ; and this is in San- 
scrit jiv; in Greek 4F, dropping the guttural, and Zz, softening down the guttural and dropping 
the labial. There would, therefore, be no difficulty ina Latin vem representing the Gothic quem ; 
but I am not aware of there being authority for changing the m of a Latin root into 2. 

VOL. XXI, Q 
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would also observe that the nasal in the first name, dropped in I., is retained in 
II.; that w is, in the second name, as always in II., used for m followed by a 
vowel; and that the corresponding hard and soft sounds were not distinguished ; 
nor, generally speaking, were sand sh. These transcriptions, then, leave it open 
whether z was the soft sound of s or of sh ; but I think they prove that it was not 
that of ch, for this would, I should think, have been written with a ¢ before s. 
The Greek transcriptions are Dapayyae and Xwpacpuor, both with o in Hero- 
dotus; but Arrian writes the former name with a Z, and Strabo with a A, 
Apayyat. In modern Persian, the o in the latter word becomes z, and in Zend 
they are both represented by the corresponding letter. 2’ occurs only in the one 
name, which, in II., is totally different. The Greeks represented it by a a, 
Yodca, and in modern Persian it is represented by z. The third of these letters 
occurs in three names of countries; ParSawa was probably Persawa ; though the 
second character, which is partly defaced, may have been different from 8, which 
I take it to be. ASura is clearly As.sw.ra ; the third, Satagush, is Er.t.ta.ku.s; 
the syllable $a being translated into er, in place of being transcribed. This 
connects Sa etymologically with ga, yj, and with the Zend za. The Greek 
transcriptions are [IapOoc and Tlap@vaior, Acovpioe and Larrayvda. I may 
add that MiSra, the Sun God, was written MéOpas by the Greeks. — It appears 
to me evident that the $, in these transcriptions, had the sound of our soft th, or 
dh ; and that it was substituted for the soft sibilant, to which the Greeks had no 
proper equivalent in their language, their ¢ being properly a double letter. It 
is exceedingly improbable that this was the sound of the Persian letter in ques- 
tion, as we know that the modern Persians cannot pronounce it, but are obliged 
to substitute for it, when it occurs in Arabic words, the English <. 

In transcribing names of countries, it is certain, from what has been already 
said, that II. did not, in most instances, transcribe the names from I. The sup- 
position that they did led Westergaard into many errors. Thus, he reads the 
name of India, with hesitation, Sidhwsh, the name in I. being, according to 
Lassen, Hidhus. He inclines to believe the first letter a different one from that 
to which he gives the sound of sa, though closely resembling it; otherwise, he 
would have to represent the word, according to his alphabet, by Satthush. I read 
St.n.tw.s, as Lread Ersaranka for Zaraka, restoring the n, which I. had omitted. 


—_— 
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There are transcriptions of another sort, however, in which words appearing in I. 
are copied into II., and from these we may hope to gather the exact pronuncia- 
tion of the letters. I observe, then, first of all, that the I. word ¢acharam, a sort 
of building, is transcribed in the inscription B, at the end, fa.t.sha.ra.m. In 
this word there are two characters used, which appear not to be used in native 
words, namely, II. 37, which represents m final, and II. 74, which is evidently 
a modification of II. 73, sa, and which, from its use in this place, cannot, as it 
appears to me, have been any other modification of it than sha. Now, in repre- 
senting the word paruzandndm, the syllable za is represented by this character, 74. 
This could not, I think, have been the case, if z had the power of j, for then 
pa.ru.ut.sha.na.na.m might have been written, as ta.t.sha.ra.m was written 
for the I. tacharam ; nor, again, could it be equivalent to our z, or our s in ds, 
for this would have been represented by simple sa, 73: I conclude, then, that 
Lassen’s z was the soft sound of sh, equivalent to the Frenchy.* This is con- 
firmed by the transcription of another word, wazarka, declined as an adjective, 
“very great,” in I., but clearly a foreign word. It belongs to a language dif- 
ferent from both I. and II., but nearer II. It resembles II. in the radical part 
waz, the w being substituted for m, for this is a form of the root mag, &c. It 
resembles II. also in the form of the superlative, arka. The form in IL. is arra, 
evidently derived from arka by assimilation, as in ersdrra, from ersa; and in 
transcribing this word, it is represented by akka, using another mode of assimi- 
lation, as «eos was made urmos or ixxos. Now, in transcribing the second con- 
sonant of this word, this people used, in general, the character just mentioned, 
74, sha, but in one instance it is represented by the combination of another cha- 
racter with this. This is in the inscription O, that of Darius from Mt. Alwand. 
It is here preceded by the character signifying ma, 4, which is here used to mark 
that the consonant should be softened. So the Egyptians expressed the d at the 
beginning of the name Darius, by 2 and ¢ united; and in the Leyden Papyrus, 
where foreign words are represented in Enchorial characters, 2 and s are employed 


*T have since found that in the third Persepolitan writing, at Nakshi Rustam, the name 
Zaraka begins with a character of the same form as II. 74; while 5a is expressed in Satagush 
and ParSamwa by a character which is interchanged with one of the same form as II. 73, and 
which had certainly the value sa. These facts confirm the conclusions at which I had arrived in 


the text. 
aQ 
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to express z. The syllable, then, which Lassen writes za, is expressed by n' sha, a 
combination which, by analogy, should represent a softened sha, or zha. This 
being settled, it remains to decide whether Lassen’s 2’ or S was our soft s; and 
though the transcription of the name Susa, in L, which would then be Uja, is a 
difficulty, I think there is an immense preponderance of argument in favour of $ 
being soft s, or z. It is twice transcribed by s in IL., which 2‘ never is; and the 
reading the transcription of the name of Assyria in L. “ Ajura,” appears to me 
attended with far greater difficulties than to read Susa “Ua.” I, therefore, give 
the letters 1, 18, and 12, the values j, z, and zh. With respect to 4, it cannot 
be a secondary value of 18, for this is used repeatedly before 7; on the contrary, 
12 is never so used; and the character 12 is much more frequent than 1. I, 
therefore, class 4 with 12, as its secondary value before it, although there is no 
positive proof that itis not aj. 

I conclude with transcribing a passage as Lassen writes it, and as, according 
to my corrected method, it ought to be written. I take the conclusion of the 
inscription E. 


@atija khsjarsi, khsajaSija wazarka; wasni Auramazdaha ima hak’his 
Ziti khshydrshd khshdyazia wazharka; washnd Atiramazhdéha ima hadish 


adam 4qunwam; maim Auramazdi pad’huwa hada bagibis; utamija khsa- 
ddam dkunawam; mdm Atiramazhdé pdtu, hada bagébish ; uta-mé khsha- 


thram uta tjamija kartam. 
tram utd tya-mé kartam. 


I place also in juxtaposition Lassen’s translation and my own: 


Generosus (sum) Xerxes, rex magnus. Ex voluntate Auramazdis hane 
» Dicit Xerves, rex magnus. Ex voluntate Auramazdis hanc 


aulam-columnarem ego erexi. Me, O Auramazdes, tuere, (cwm) diis hujus loci, 
aulam ego fect. Me, O Auramazdes, tuere, und cum diis, 


tum hoc regnum, tum hoc palatium. 
meumgue regnum, atgue meum opus. 


In the first part of a critique on Lassen’s work, by Holtzmann, the mis- 
translations Awjus loci and palatiwm are noticed, but the initial sentence is not 
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touched on; and the attempt at explaining the enclitic mé, “my,” is worse 
than Lassen’s. 

I now come to consider the second writing. Here I adopt a great number 
of Westergaard’s values of the characters. As to many of them, however, I differ 
from him more or less. In some I reject his modifications of the values of con- 
sonants, which, it appears to me, this people never intended to distinguish. In 
some cases I add vowels to his values, thus making characters to represent 
syllables, which he made simple letters. In other cases I substitute a different 
vowel for his; and in some cases I differ altogether as to the value of the cha- 
racter. These differences will be seen in the catalogue of the characters, where 
I first give his value, if he has given any, and then my own, if I have been able 
to satisfy myself as to it. They will also appear from comparing passages as 
transcribed by him and by me. In this place I will mention the differences 
between us, in respect to general principles. 

1. Westergaard thinks that II. had six vowels, a, d, 7, u, e, and o, and six- 
teen consonants, 4, k, t, p, hh, ph, th, 7 (i.e. y), 7, w, 8, sh, z, h, n, and m ; and 
he thinks that the characters represented, in the first place, these twenty-two 
characters, and then syllables, composed of the consonants followed by vowels. 

I think that there were four vowels, a, 7, «, and er, which this people regarded 
as a proper vowel ; and only five consonants, p, ¢, k, s, and  ; that besides these 
nine simple sounds, there were characters representing combinations of the five 
consonants with preceding and following vowels ; and that the vowels also formed 
combinations with each other. Of these there were or might be twelve, viz., 
ai = 6, Ya, YU, yer ; au = 6, Wa, Wi, wer ; aer = dr, ra, ri, ru. It is probable 
that many combinations which were theoretically possible had no representatives at 
all, while many bad two, or even three, which were perfectly equivalent, as in the 
case of the Egyptian hieroglyphics. Besides what may be called the regular 
combinations, consisting of one consonant and one vowel, there were some which 
represented more complicated combinations, that happened to occur frequently, 
such as fas and rus, in which a vowel lay between two consonants, and ersa, in 
which there were two vowels joined to one consonant. There were also cha- 
racters, such as 37 and 74, already noticed, which were confined to foreign 
words, representing sounds occurring in them, which were not used in the ordi- 
nary words of the language, or, if used, were not distinguished. 
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2. Westergaard thinks that, when a simple consonant is placed before a 
syllable, of which it is the initial sound, it is meant as a sign that the consonant 
is to be pronounced hard; /.ka, is, according to him, ka only, while ka might 
be ka or ga. This appears to me utterly unfounded. In the name of the father 
of Darius, the same character occurs as begins the name of Darius himself. It 
is not éa in the latter case, and ¢.¢a, in the latter, but in both ¢a ; on the other 
hand, 2.na, is frequently used for na, where there is no distinction of hard and 
soft sounds admissible. I regard this use of a consonant, which is, in point of 
fact, unnecessary, as analogous to the completion of the Egyptian syllabic signs. 
There was this material difference, however ;—the Egyptians generally, though 
not always, completed their syllabic signs by the addition of a vowel, whereas in 
IL. they were completed by prefixing a consonant. 

3. Westergaard thinks that all the vowels were not expressed in IT.,and that 
a short a@ was sometimes to be supplied, as in I. I think, on the contrary, that 
every vowel was expressed at least once, and often more than once ; for, whether 
by way of lengthening the vowel, or to suggest deficient letters in case of a defect 
in the stone, it was customary to write vowels fwice over, at the end of the con- 
sonant preceding them, and before the consonant following them. This could 
not be done in every instance, but it seems to have been effected, and we meet 
with instances of it very commonly, as will appear in the specimens. In such 
cases it would be an error to pronounce the vowel twice; per.ersa is simply 
persd, an.na.ap is anap ; for the same duplication of a letter was applied to the 
consonants as to the vowels. 

The remaining differences between Westergaard’s mode of reading and mine 
regard matters of detail. Inow give aspecimen of a passage transcribed in both 
manners. I should observe that the initial signs, 1 and 56, are prefixed to proper 
names, and other important words. It will be observed that he has given values 
to some signs which I have left unvalued, and vice versa. From the reference to 
the figures it will at once be seen where we agree and where we differ. The pas- 
sage I choose is the commencement of the inscription on the tomb of Darius, 
and I distinguish the representatives of each character by points (.). 


3. 4. (27, 23, 73. 23. 13 3, 76. 13. 57. 51 1]. 31 1, 28, 39. 42 51, 64. Sk 


a -n(a). p ra.sha.ra. r a.u.r(a).z.da_ k.ka Q.ru.— ta.) Sh nite 
e_— 


an. na .ap er. Sa .er.70 an.u.ra.sh.ta; k.ka 1p aire 2 ta.as.ta; 
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3. 81. 19 22. 25 51. 64. 51 11. 31 56. 55. 66 25, 63. 12, 45. 51 

a . kha. kh ju.tu tai) Sis ta k .ka Wo. thi tu.t/h.thu. sh. ta 

an. ku .k yu. tu ta.as.ta; k.ka — .ka? tuys Ubicctu 8) 14s 

11. 31 80. 47. 15. 37 25.63. 12. 45. 51 56. 55. 66. 23.13. 4 11. 31 

k.ka shi. j(a). ti. m tu. th. thu.sh.ta Wo.thi.ra. r. n k. ka 
—_- 

k.ka si. ya.ti.m tu.ut.tu.s .ta — .ka.er .ra.na; k.ka 


56. 51. 24. 47. 67.76.45 56.71. 23 22. 32. 70. 51 81. 23 23. 5. 81. 63. 4 


Da.ri.j(a). w .u-sh Ku.ra (los, ack kha. ra ra.sa.kha.t/h. n 
—s 

Ta. Ti. ya .Wa.uU.s Ku.er yu.t. tas. ta; ku.er  er.si.khu.ut.na 

56. 71 81. 23 23. 5, 81. 63.48. 4 34. 77. 37. 51. 32. 15. 13 56. 38 

Ku kha. ra ra.sa.kha.th.i. n phi.ni. m.da. t. ti.r Jo 

Ku; ku. er er. si. ku.ut.n.na pu.ni.m.ta.t. ti.ra Vu 


56.51. 24, 47. 67.76.45 56.71 23. 73. 23.13 56.71 56.71.63. 23.13 56. 71 


Da.ri.y(a). w .u.sh Ku ra.sha. ra. r Ku Ku.th.ra.r Ku 
oOo Ge 
Ta.ri. ya.wa.u.sh, Ku er. Sa. er .7a Ku Ku. ut.er.ra; Ku 
56. 51. 72. 38. 45. 22 79. 45. 73. 51. 4. 45. 25. 4 56. 71 1, 28. 39. 42 
Da.h .jo.sh.tu wi. sh.sha.da.n(a).sh.tu. n Ku Q.ru.— 
Ta. t .yu.s .tu Wi.8. 8A .ta. nA. § .tu.na; Ku K.ru. n 
5. 28. 69. 13. 23. 13 23.73. 3. 4 
sa.q.qu Era Ta.sa. a.n 
fl eae—=_ 
si.k.ku Ta.er.7a er .8a.an. nd 


Until the last word but one, there is no difference between us as to the divi- 
sion or interpretation of the words, except, indeed, as to the precise meaning of 
the compound epithet of éaiyustu, ‘‘ provinces ;” but Westergaard takes sagqurrar 
as one word, the genitive of sa, ‘ this,” whereas I divide the word into two ; 
making sikku the genitive hujus, from a nominative si, and taking rdvra as an 
adverb in the superlative degree “ most,” forming the superlative of the adjective 
to which it is prefixed. Thus I take rdrra ersa to be equivalent to ersérra. 1 
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may here mention that the bracket between two syllables is intended to imply 
that the a of the former is to be taken as a guna to the vowel of the latter, con- 
verting w into 6, 7 into é, and er into dr. In the above transcription I have uni- 
formly represented the same character by the same letter or letters ; but Wester- 
gaard has arbitrarily used ¢a and da for 51, and so in other instances. The trans- 
lation of the above passage is as follows. I connect together words which repre- 
sent the same word in the original by hyphens, and supply in brackets two short 
words, which are here omitted, apparently by mistake, but which are found in 
other similar inscriptions, and in this place in I. : 

“« Deus maximus (est) Auramazdes, qui [hanc] terram creavit ; [qui] ceelum 
istud creavit ; qui hominem creavit ; qui fortunam creavit hominum ; qui Darium 
regem constituit ; unum, multorum regem; unum, multorum gubernatorem. Ego 
(sum) Darius, rex maximus, rex regum, rex provinciarum omnia-gignentium, rex 
terre hujus maximé grandis. 

As a further specimen I give the passage in E, of which the corresponding 
passage in I. has been already given : 


4, 3, 24, 56.19. 5. 23. 73. 56. 71. 23. 73, 23.18: 74. 76.79, 48. 
Dieta. TL Kh. sa.ra.sha Ku Ta... .sha .taeen: Ze Nee Aap Vili 

na. an.rt KG St CTS Ku er. sa-er 7a; sha. u.mi.n, 
Dicit Xerxes Rex magnus ; ex voluntate 

3. 76. 13. 57. 51... 4. 3. 1. 78. 5. 66. 56. 38. 22. 32. 51. 56, 38. 

a.u.r(a).z.da. n su — sa. thi Jo uyetuectta Jo 

an.u. ra .sh.ta. nda, si Er . si. ka(?) Yu yu.t .ta Yu 

Auramazdis hane Aulam Ego feci ; Me 


3. 760-13. S701)” 42°70 45.17. 45. 16. 3! 4. 27. 33.25" 47751. Sly 69. 82Aals 


a.u.r(a).z-.da  — ni.sh.—sh.— a-.n(a). p.pi.tu i.ta.ka qu.t.ta 
an.u. ra «sh. ta M.Ni.S .S8U.8.SEr an. nad .ap.pi. tu i.ta.ka ku.t.ta 
Auramazdis. tuere, Diis cum; atque 
1. 54. 42, 69. 28, 262 69. 32. 51, 27. 60. 22. 32. 51. 13. 
qu.q. we qu. t. ta p-pu jUs< jth tas r 
—.nreku.k, vi ku.t.ta ap «pu yu.t.ta.ra 


Regnum meum atque id- quod feci, 
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Westergaard divides the four characters after the fourth word into zw vii ; 
I divide them into sha wwin, or read them in one word, shéwin. He takes the 
character 42 after the vocative, as an interjection; I have found it to be an 7, 
and join it to the following word. The enclitic pronoun, after the word signi- 
fying kingdom, is injured; Westergaard reads 57, but I think the other mode 
of completing it more probable. In a parallel passage (D. 18), 79 is used, 
which seems interchangeable with 26. 

When the great inscription from Bisitun, which it is understood that Colonel 
Rawlinson has copied, shall be published, our knowledge of this language will be 
considerably increased. Characters will, no doubt, be found there which do not 
appear in any of the inscriptions yet known, and data will probably be obtained 
for valuing the greater part of the characters which are now without values, as 
well as the new ones. Meanwhile, I hope that what has been said will prove 
interesting, as relating to an ancient language, which, as far as I am aware, has 
no resemblance in its inflexions to any language of the Indo-Germanic family ; 
though in the fact of its having inflexions it agrees with the languages of that 
family, in what has been often stated to be their distinguishing characteristic. 


NINE SIMPLE SOUNDS. 


A. I. U. ER. P. Te K. | s. N 
75:\| 46; 7204) 76: 23; 782 40. 30; 32. |11; 19; 28.| 


COMBINATIONS OF THE ABOVE SIMPLE SOUNDS. 


; ya, 47 wa, 67; 75 \ra, 13 pa, 49 ta, 51; 502% ka, 31; 66?sa, 73 na, 4 


é, 2| . . « |roi, 26; 79 |ri, 24 pi, 33 ti, 15 ki, 2 si, 5; 80 |ni, 77 
6, 2\yu, 223 3 Be ome ei) pu, 60; 342 tw, 12; 25 |ku,69;71;81 su, 52; 172 ? 
ar,10 yer, 2 mer, 2 eit | cases ter, 53 ker, 43 ser, 16 ner, 36 
| ap, 27 lat, 2 lak, 2 as, 64 an, 3 
—_ —— a ee eh 
*m, 37 ersa, 8; 82 ut, 63 *sh, 57 
*va, 29 rus, 68 tas, 70 *sha, 74 


* Characters marked with a star were probably confined to foreign words. 


VOL. XXI. R 


CATALOGUE OF THE CHARACTERS. 


Yanan fF wn fF 


eS ee 
sms fF Oo OS O&O 


H. w. H. | W. H. | W.| H. 
j |iL1 j= initial] sign || 36 ye pe | ner || 71 Y= |ku|ku 
w 2 | >> — 37 N= m | *m || 72\yy h| i 
m 3 >>] a | an | 38\& jo | yu || 73/4 sha| sa 
zh(i)|| 4 |>Ey n | na | 39 Ey ru | ru || 74/¥¥ za \*sha 
r(u) | 5 | EE sa | si || 40/5 ph | p || iE o | a 
b 6 | Ee _ 41 Ey — 16 \< uju 
t 7 | > Eryx) — 42 | EYY — lon | wie ni | ni 
n 8 |>ErTYY| as | ersa | 43/5< khu | ker || 78|<=YE= | —|er? 
nia c= oly 44ST | — 79 |<Ee— | vi | wi 
d(i) || 10 |> EYE | 4 | a | 45 EXT sh | s || 80\<Y> |shi| si 
kh(u)} 11 |> > | kh] k | 46/ER e i |) 8LI€YVE_sfkha| ku 
zh |} 12 rE! thu | tu | 47|/ERY j | ya || 82\<€€K [ash jersa 
k 13} -Eyl- r r | 3 cE i n 
s 14 |>¥ pha | per | 49 |= pa | pa aa or| lus | rus 
rp 15 [>= tl ti | SO;_EYYY Ei eitair Ey 
y 16 Ty — | ser || 51 r=>l! ta ta 
m(i)|| 17 |>YPHE | — | su? |) 52 r=! su } su 
Zz 18 |>YYr< = 53 1\= th | ter 
pi) || 19 > | kh | ok || 4 EV = 
t(u) || 20 -IVE<}, — 55 |[E<T— | wo 
h | 21 |>fEe | — 56/7 initial) sign 
g(u)|| 22 r'yX< ju | yu || 57 Y Z *sh | 
d(u) |} 23 > ra er || 58 Yr pat 
k(u)|| 24 |>YIVK ri ri || 59 \R< = 
g 25 |< tu | tu || GOITER pu | pu 
u 26 |e ve | wi | 61|\,>Y | — 
kh PH i eae Pp ap | 62/TEEYY | — 
d | 28 pee q | k | 63/YEYYY | th | ut 
ch 29 ren wu | *va- || 64/ TE 8 as 
By 30 | EY t! t || GOIYEY | — 
w(i) || 31 | py ka | ka || 66 TE thi | ka? 
sh || 32 |=y t t || 67\YEY w | wa 
i | 33 leew | pi | pi fl 68 ite ro" | fos | 
tr | 34 = f= | phi} pu || 69 WE qu | ku | 
Pp 35 EYE — 70 | WEY == | Geary | 
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POSTSCRIPT. 


Since the above was written, I have applied myself to the third Persepolitan 
writing, which agrees in character, and, to a great extent at least, in language, 
with the Babylonian inscriptions, and to the Assyrian writing in Schiitz’s 
inscriptions. Having as yet a very scanty supply of data, I have not been able 
to prepare alphabets of either of these modes of writing. I have, however, 
ascertained that they both agree in principle with the second Persepolitan. In 
both, some of the characters represent elementary sounds and some combinations. 
In both, two or more characters are used to represent the same sounds. In 
both, no vowel is omitted, but vowels and consonants are repeated in two con- 
secutive characters. The number of elementary characters is greater in both 
these modes of writing than in the second Persepolitan. In the latter, a single 
vowel was rarely expressed after a syllable terminating with the same vowel, but 
this was commonly done in the Babylonian and Assyrian, in which, of course, 
the simple vowels were of much more frequent occurrence. In the second Per- 
sepolitan, m was expressed by w, but in the Babylonian by 6, which accounts for 
the same name being written Berodach in the Second Book of Kings, and 
Merodach in Isaiah. I have found the name of Babylon in the inscription on 
a piece of baked clay, shaped like a barrel, brought from the ruins, and in those 
on a few of the bricks.* I have also found the name of Nineveh on the bricks 
brought from that place. Both the Assyrian and Babylonian languages appear 
to have much in common with the Semitic languages ; but some of their roots 
are common to them with the language of the second Persepolitan inscriptions, 
with which also they have many characters in common. I have found it to be a 
general rule, though it admits of some exceptions, that where a character occurred 
in two or more alphabets, it had the same value, or nearly so, in all of them. 
Thus, the pa of the second Persepolitan is pa in Assyrian, and ba in Babylonian ; 
and so in other instances. The first Persepolitan alphabet, on the contrary, had 
nothing in common with any of the others.f 


* m,w, b, and p, are all expressed alike in Babylonian. The name of Babylon, variously 
written, is found on all the bricks from that city. 
+ It may be proper to state here that the body of the paper was written in the beginning of 
May, this postscript in the beginning of June, and the notes at the end of August. 
r2 
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VL—An Attempt to ascertain the Number, Names, and Powers, of the Letters 
of the Hieroglyphic, or ancient Egyptian Alphabet ; grounded on the 
Establishment of a new Principle in the Use of Phonetic Characters. By 
the Rev. Epwarp Hincxs, D.D. 


Read 26th January, 9th February, and 8th June, 1846. 


INTRODUCTION. 


I BELIEVE that very few persons can be found, that have studied the subject 
of Egyptian writing themselves, or that place a reasonable degree of confidence 
in those who have, who do not now admit that the Egyptians of all ages, from 
which any monuments remain to us, represented their ideas to the eye in three 
ways :—partly by characters, which, singly or in combination, immediately repre- 
sented them; partly by characters which expressed the words by which they 
were represented to the ear; and partly by combinations of both sorts of charac- 
ters. Thus, in the last line of the Rosetta stone, we have a collection of writing 
materials (fig. 1), expressing the word ypappaow of the Greek text which 
corresponds to it, and which would probably be pronounced Skhi ; we have a 
square mat, a semicircle, and a twisted rope (fig. 2), expressing in combination 
the name of a god, which, in the fourth line of the Greek text, is written ®a, 
and in a Sahidic manuscript 1T&9,, i. e. Ptah ; and again, we have a chair-back, 
a sort of flowering water-plant, and a pair of leaves, with an object which 
Champollion supposed to be a pen-knife (fig. 3), representing the same word, 
Skhi, as fig. 1 does. The three first characters represent the three phonetic ele- 
ments of this word ; and the fourth indicates that it expresses some idea connected 
with writing. A character like the last was called by Champollion a Determina- 
tive Sign. Chevalier Bunsen calls it a Deutbild. We may give to these cha- 
racters, and also to those which, like the collection of writing materials, represent 
ideas without the intervention of words, the common name of Ideoglyphs ; the 
other characters in these figures being called Phonoglyphs. 
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I have said that these three modes of expressing ideas were in use in all ages 
of Egyptian sculpture. Thus, on the front of a tomb in the British Museum, 
which was constructed in the time of the fourth dynasty, we have the ideoglyphs, 
a pyramid (fig. 4), representing “a pyramid ;” a swn’s disk (fig. 5), representing 
by metonymy ‘‘a day,” and also representing Ra, or “the sun,” as an element in a 
royal prenomen; and a great number of others. The name Ptah occurs here 
precisely in the same manner as it does on the Rosetta stone, composed entirely 
of phonoglyphs. And among many words containing characters of both sorts is a 
group consisting of a waved line, a plan of a house, a semicircle, and a sycamore 
tree (fig. 6). The last character is an ideoglyph, and is used as a determinative 
sign after all names of trees, as well as after this; the first two express the» 
sounds of N and H, and may be read Niihe, Nowg,e, the Sahidic name of the 
sycamore tree. ‘The semicircle is sometimes, and is probably here, a sign of the 
feminine gender ; but it also denotes the letter T, which was a feminine termi- 
nation, and the word may, perhaps, have been sounded Niihet. 

In the first work of Champollion, his essay De Ecriture hiératique des 
anciens Hgyptiens, published in 1821, he recognized the existence of only the 
first of these three ways of representing words, supposing that all the Egyptian 
characters represented ideas. When he discovered the erroneousness of this 
opinion, he used all possible efforts to suppress the work in which he had stated 
it. That work, however, contained a valuable discovery. In it he announced 
the great principle that hieratic characters, as they have been called, were exact 
transcripts of hieroglyphics, having the same relation to them as the cursive 
characters which we use in writing on paper bear to the capitals of our lapidary 
inscriptions. ‘To mark out this correspondence between the two kinds of writing, 
it may be well to substitute the name Hierographic for Hieratic ; and we may, in 
like manner, give the names of Ideographs and Phonographs to the two classes of 
the written characters. By the discovery of this principle, the way was opened 
for using the papyri which contain hierographic texts, in conjunction with the 
proper hieroglyphics, as means of attaining the knowledge of the common lan- 
guage and manner of writing. It is to the joint study of hieroglyphic and 
hierographic texts that I owe the discoveries which I am now about to an- 


nounce. 
In the year after this publication, Champollion published his Leétre a M. 
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Dacier, in which he announced the phonetic powers of certain hieroglyphics, and 
applied them to the reading of Greek and Roman proper names. Had he been 
candid enough to admit that he was indebted to Dr. Young for the commence- 
ment of this discovery, and only to claim the merit of extending and improving 
the alphabet, he would probably have had his claims to the preceding and subse- 
quent discoveries, which were certainly his own, more readily admitted by 
Englishmen than they have been. In 1819 Dr. Young had published his 
article «*Egypt” in the Supplement to the Encyclopedia Britannica; and it can- 
not be doubted that the analysis of the names “ Ptolemeus” and “ Berenice,” 
which it contained, reached Champollion in the interval between his publications 
in 1821 and 1822, and led him to alter his views. 

In the Précis du Systeme Hiéroglyphique, of which the first edition appeared 
in 1824, the two first of the three modes of writing above mentioned are recog- 
nized. Champollion had now discovered that not only the names of several of 
the ancient Pharaohs, but several words of the ancient language, were expressed 
phonetically. He was still, however, ignorant of the third mode, which is the 
most frequent of all. The discovery of it, including the theory of determinative 
signs, was made in the interval between the publication of the second edition of 
the Précis in 1828, and his last illness in 1831,—probably during his stay in 
Egypt. It is much to be regretted that he was cut off before he could com- 
pletely develope this his grand discovery ; and it is to be regretted also, that the 
illjudging anxiety of his friends to do justice to his memory, should have 
induced them to publish manuscripts of his, written previously to his having 
made it, and containing statements which he had ascertained to be erroneous. 
The “Grammaire Egyptienne’ ought to have been given to the public as his 
sole bequest in the department of Egyptian philology. It was published from a 
manuscript written in 1831, immediately before his last illness. Shortly before 
his decease, having carefully collected the sheets, he delivered them to his bro- 
ther, with the remark, ‘‘ Be careful of this; I trust that it will be my visiting 
card to posterity.” 

Even the warmest admirers of Champollion must admit that he left his system 
in a very imperfect state. Few, probably, will deny that he held many errors to 
the close of his life, both in what respects the reading of the characters, and in 
what respects the interpretation of the texts. In the present paper I confine 
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myself to the first of these; stating, however, my conviction that he was still 
more astray in the other than I shall now prove him to have been in this. The 
Egyptian phonoglyphs are susceptible of a double classification, in respect to 
their nature, and in respect to their powers. Of the first classification Champol- 
lion seems to have had very little idea. A few of the characters in his list are, 
indeed, marked B. E., indicating that they were only used in the times of the 
later Ptolemies and of the Emperors ; or E. S., implying that they only occurred 
in a sort of secret writing, used in certain inscriptions of the age of the nine- 
teenth or twentieth dynasty. To three or four others there is added “ Init.,”” 
apparently as an after-thought, for it is not explained in the text of his work ; 
and here and in his 82nd section, “ on abridged phonetic names,” we have the 
germ of Dr. Lepsius’ discovery of the restricted use of certain phonoglyphs, and 
of their complementary letters. As to the second classification, according to 
their powers, Champollion arranged his phonetic characters in sixteen divisions, 
exclusive of one which contained the hieroglyphic representations of the five 
Greek letters, A, Z, =, ®, and VY, which had no single Egyptian characters 
properly equivalent to them, and which must, therefore, be expressed either by 
combinations of characters, or by such as properly expressed approximate sounds. 
The sixteen classes are vowels, fourteen consonants, and ligatures, that is, double 
consonants. The number of characters arranged in these classes is, according to 
Champollion’s own enumeration, 247; but several of these are mere variations of 
other characters which appear in the lists; about ten are combinations of charac- 
ters which appear separately; and many more are marked E. S. or B. E. The 
true number of distinct simple phonoglyphs in general use before the low epoch 
was, according to Champollion’s view of the matter, 167; of which thirty-two 
were vowels, and three double letters. To a few of these more than one power 
is assigned, but this is rather to be considered as resulting from the unfinished 
state of the work than as intentional. In addition to the defects which exist in 
his classifications, Champollion committed many errors in respect to particular 
characters: he placed some in wrong classes with respect to their powers; he 
marked some that were in use in early times as not being so; and he omitted 
marking many that were certainly not in use till the low epoch, if, indeed, they 
were ever in use at all. On the other hand, he omitted many characters from 
his list, the phonetic powers of which are unquestionable. His alphabet was thus 
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in every point of view defective ; and, though highly creditable to him as a first 
attempt, is quite unworthy of the present state of hieroglyphical knowledge, 
and unfit to be even made the basis of a more perfect arrangement. 

Of those who have endeavoured to rectify and complete the old Egyptian 
alphabet, left by Champollion in the state I have mentioned, I need only name 
Salvolini, Dr. Lepsius, and Chevalier Bunsen. The alphabets which have been 
published by others are all, so far as I am aware, inferior to that of Champollion. 
To Salvolini must be assigned the merit of adding some characters to the alpha- 
bet which Champollion had omitted, and which certainly ought to find places 
among the phonoglyphs. He added, however, many others improperly; and in 
respect to classification he must be considered as having made a retrograde move- 
ment. His absurd notion that a phonoglyph might have two different values, 
independent of each other, and equally proper, has been made a handle of by 
those who have denied the truth of Champollion’s discoveries, in order that they 
might turn the whole system into ridicule. If it were well founded, as Cheva- 
lier Bunsen justly remarks, it would put an end to all clear and certain investi- 
gation in this department. Except, however, in the case of a very few syllabic 
signs, it is a groundless fancy; and neither Salvolini nor Dr. Seyffarth, who 
carried it to a still greater extent, have been able to procure for it the belief of 
any large number of Egyptian scholars. 

The object of Champollion and Salvolini appeared to be to extend the list of 
phonoglyphs as much as they could. Dr. Lepsius was more anxious to classify 
those which had been already discovered. He divided them, in respect to their 
nature, into three classes: those which were used in early times to express simple 
sounds, without reference to their connexion; those which were only used to 
express simple sounds in particular words or syllables; and those which were 
first used to express simple sounds in the Ptolemaic or Roman period. To each 
of the peculiar letters of the second class there belonged one or more complemen- 
tary letters, which, if not appearing after it, were to be supplied. Thus, the 
phonoglyph representing a battlemented wall (fig. 7), expresses the sound M, 
but only before the waved line N. It is thus virtually equivalent to the combi- 
nation MN (fig. 8). The waved line is the complement of the battlemented 
wall, and is always to be understood after it, if it be not expressed. In like 
manner the crux ansata (fig. 9), which Dr. Lepsius supposed to be equivalent 
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to the quail, U, when followed, as in fig. 10, by the waved line and the sieve, 
has these two letters for its complement; and if they be not expressed after it, 
they must always be supplied. The word is Unkh, corresponding to the Coptic 
witd, “life,” or “to live.’ With respect to the other mode of classifying the 
phonoglyphs, according to their powers, 1 will only observe that Dr. Lepsius 
divided the vowels, which Champollion had thrown into one class, into three 
classes, having the powers of A, I, and U, while he reduced the number of classes 
of consonants from fourteen to twelve. The class of ligatures he rejected as useless, 
the characters contained in it being arranged in the division of peculiar letters. 
In these fifteen classes Dr. Lepsius arranged thirty-four characters, which he sup- 
posed to be the only ones which originally expressed simple sounds, irrespective 
of their connexion. 

During the last year, Chevalier Bunsen has published what he considers to 
be an improvement on Dr. Lepsius’ alphabet. It would be natural to suppose 
that it should be so, as he had the assistance of Dr. Lepsius himself in its con- 
struction, as well as of Professor Schwartze and Mr. Birch. I am, nevertheless, 
disposed to think thatit is little, if at all, superior to Dr. Lepsius’ original alpha- 
bet ; the amendments made in some matters of detail being counterbalanced by 
deteriorations in others, and no improvement being made in the general princi- 
ples on which it is based. The peculiar letters are divided by Chevalier Bunsen 
into two classes, which he calls Syllabic Signs and Mischbilds, or, as we may call 
them, Ideo-phonoglyphs ; but the distinction, at least as he makes it, can scarcely 
be maintained. The battlemented wall (fig. 7) is, according to him, a syllabic 
sign, because it represents the syllable MeN in any word in which it occurs ; 
whereas the crux ansata (fig. 9) is a mischbild, as it is only used in the one 
word and its derivatives, with which it is presumed that it has an ideographic 
relation. It is, however, quite uncertain what connexion existed between the 
crux ansata and life ; and the most probable supposition seems to be that it was 
nothing more than that the Egyptian words representing this object and the idea 
of “ life’? were accidentally sounded alike. We know that this was the case with 
other characters that appear in the Chevalier’s list of mischbilds. The spindle 
with thread (No. 46) is given by him as the mischbild for Hés, “to sing.” 
What possible connexion could there be between a spindle and singing, if we 
looked to the ideas alone? On looking into a Coptic dictionary, however, we 
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find that the one word (9,wc) represented both ideas. Hence, the character, which 
ideographically represented the word in one sense, was used to represent it also 
in the other. The case is the same with the lute (No. 32), which represents 
the word never, “ good,” because the name of this musical instrument was, in 
the old Egyptian language, nevel, corresponding to the Hebrew 53), and the 
Greek vaBAa, the letters L and R being confounded. It appears from this, 
that the distinction between the mischbilds and the syllabic signs is a very uncer- 
tain one. To draw a correct line between the two would require a more com- 
plete knowledge of the language than we now possess, or, indeed, I may say, 
than we are likely to possess; and if it could be drawn, it would be of little or 
no practical benefit. I will, accordimgly, make no attempt to draw it, but will 
revert to the original arrangement of Dr. Lepsius, classing the phonoglyphs 
which are not used as letters under the letters which are first sounded in the 
words or syllables that they represent, and making no other distinction between 
them than what depends on the various manners in which they are connected 
with the letters that sometimes accompany them. 

Chevalier Bunsen has also made a distinction between the alphabetic characters 
which were used in his so-called old kingdom, and those which were introduced 
subsequently. He supposes the former to have been in number twenty-five, which 
is stated by Plutarch to have been the number of letters in the old Egyptian alpha- 
bet; and he says that seven were added in the new kingdom. Thus he makes 
the total number of purely alphabetical characters less by two than Dr. Lepsius 
had made it, who, as I shall shew in this paper, reduced it considerably below the 
truth. The distinction here made is as little to be depended on as the foregoing 
one. Of the seven characters which he rejects from the alphabet of the old 
kingdom, four at least will be shewn, in the course of this essay, to have been in 
use as letters under the twelfth dynasty; while one is admitted by himself to 
have been never used as a letter till the Ptolemaic period. It is certainly a 
matter of interest to ascertain when each character was first used; and this I will 
endeavour to do, subject, of course, to correction from future observations ; but 
I consider the notion that the monuments of the eighteenth dynasty exhibit an 
alphabet materially different from those of the latter part of the twelfth, to be 
unfounded in fact. 

The causes of the want of success, which I attribute to Dr. Lepsius and his 
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followers, in applying the principle of the peculiar letters with their comple- 
ments to the arrangement of the Egyptian phonoglyphs, I believe to be two. 
They were ignorant of another principle, in some measure antagonistic to this, 
which I have been fortunate enough to discover ; and they adopted an unsound 
method of investigating the powers of the characters. The course which I mean 
to adopt in this essay is, in the first place, to establish the new principle to which 
[ allude. I will then consider the various modes of investigating the powers of 
the characters which have been practised or suggested, with the objections which 
may appear to lie against any of them, and I will point out the course which 
appears to me most likely to attain the desired end. Lastly, I will apply the 
principle that I have discovered, by the method that appears to me the true one, 
to the practical ascertaining of the powers of the phonoglyphs. In doing this, I 
may err as to some matters of detail, and I candidly acknowledge that there are 
some of the characters of which I have not yet satisfactorily ascertained the 
powers; but if the principle that I announce be established—if the method of 
investigation which I pursue myself, and recommend to others, be a sound one— 
and if the powers of a large number of the phonoglyphs be completely ascertained, 
I trust that I shall not be considered to have laboured in vain. 


PART I.—NEW PRINCIPLE IN READING PHONOGLYPHS. 


The principle which I wish to establish is this. “The phonoglyphs which 
compose the proper Egyptian alphabet had names, which consisted of themselves 
with the addition of certain expletive characters ; and these names might be, 
and often were, used in place of the simple phonoglyphs. If then, a phono- 
glyph belonging to the alphabet be followed by the expletive character which 
appertains to it, that expletive may be, and for the most part should be, altogether 
neglected.” This principle is, as I have already observed, antagonistic to the 
principle of Dr. Lepsius. His complemental characters, though omitted, must 
be sounded; my expletive characters, though expressed, are in general not to be 
sounded. 

I propose to establish this principle in the following manner. I will first 
shew that it prevailed in respect to foreign words, when expressed in Egyptian 
characters, during a particular period, which I will call “the age of the papyri.” 

s2 
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I consider this period to include the reign of Seti (or, as some call him, Meneph- 
thah) the First; that of Rameses the Third (or, as some call him, the Fourth), 
the hero of Medinet Haba; and those which intervened between these two. 
This period is peculiarly proper to be chosen as that of which the records should 
be made the groundwork of our inquiries, as it comprehends the principal sculp- 
tures at Thebes, and also the Anastasi and Sallier papyri, of which fac semiles 
have been published by the trustees of the British Museum, who have thus ren- 
dered the most important service to the cause of Egyptian philology. I will, 
in the second place, shew that the substitution of the names of letters for the 
letters themselves was not confined to foreign words, but that the monuments 
and papyri of this age contain numerous instances of the applications of this prac- 
tice to purely Egyptian words. And, lastly, I will shew that the practice did 
not originate in this period, but that instances of it are to be found on monu- 
ments of the twelfth dynasty, and anterior to it. 

The first place where I observed the expletive characters belonging to the 
Egyptian letters, so distinctly expressed as to enable me to ascertain their nature, 
was in some foreign words, occurring in the papyri just mentioned, of which 
transcriptions in Hebrew characters occur in the Old Testament. In the two 
first instances which I am going to mention, the writers of the papyri introduced 
Hebrew, or at least Semitic, words ; in the others, they gave the names of places 
in Asia which are mentioned in the Jewish Scriptures. I will give the first of 
these words, by way of specimen, in both the hierographic characters used in the 
papyrus and the corresponding hieroglyphic ones. The others I will give in the 
last only. In every case I will refer to the plate and line, in the fae simile edi- 
tion of the papyri, where the word occurs; and I will give the mode of pro- 
nouncing it according to the alphabet and system of Chevalier Bunsen, together 
with the Hebrew transcription. I will, of course, select words in which all the 
letters have had their true powers, or nearly so, assigned them by the Chevalier; 
but I wish it to be distinctly understood that I am now merely establishing the 
principle of expletive characters; and that, in adopting the received values of 
the letters in this place, I do not bind myself to do the same when I come to 
investigate the true power of each in the third part of this paper. 

The first word (figs. 11, 12) occurs Pl. 97, 1.7; and in PI. 60, 1. 5 it occurs 
again, with this difference : in place of the last two characters, the branch of a 
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tree with three small bars under it, we have the semicircle with the branch of a 
tree under it (fig. 13); while the feminine possessive pronoun of the second 
person singular masculine is prefixed. The branch of a tree is a generic deter- 
minative sign, used after the names of objects that were usually made of wood. 
The semicircle is a determinative sign of the feminine gender, as the three small 
bars are of the plural number. The word, as it appears in Pl. 97, means 
“chariots,” but as it appears in Pl. 60, “thy(m) chariot.” It is important to 
attend to this, because it is thus evident that the U preceding the T is not, as I 
at first took it to be, the representative of the } in the feminine plural. It occurs 
equally in the feminine singular, where neither the Hebrew nor any other 
Semitic language introduces ay. The Hebrew transcription is ma557, pro- 
nounced, according to the Masorites, in the singular, Mirkéveth, and in the 
plural, Markauvoth ; the hieroglyphics, according to the received mode of read- 
ing, are in both numbers Ma-ru-ka-bu-ta, in five syllables. Whether the Maso- 
retic punctuation gives the correct pronunciation or no, we may be very sure, 
from all that we know of the Semitic languages, that if all the letters in the 
Egyptian transcript be sounded as above, they cannot give the true pronunciation 
of the word. 

The next word (fig. 14) occurs PI. 55, |. 1; its determinative signs imply 
that it signifies a collection of water. With all the letters sounded it would be 
I-u-ma, in three syllables. The corresponding Hebrew word p>, Yam, has 
but one; and the Coptic toz%, Yom, has no more. They both signify “ sea,” 
as the Egyptian word certainly does ;—“a city in the sea ; Ta-rw (Tyre) of the 
island is its name.” 

The next word (fig. 15) which occurs, Pl. 75, 1. 7, with the same determi- 
natives as the last, is the Egyptian name of the river which the Greeks called 
"Evdparns, and the Hebrews p45. According to the received mode of reading 
the Egyptian characters, it would be Pu-ha-ru-ta, in four syllables, instead of 
Phrat in one. Can any one suppose that this was the way in which the Egyptians 
pronounced it ? 

The next word (fig. 16) occurs Pl. 27, 1. 6. It has the determinative signs 
which denote a foreign country, and is the name of one of the people who joined 
the Khuta (supposed by Champollion to be the Scythians) in their expedition 
against Egypt. It is obviously the same name as the Hebrew wra545, pointed 
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so as to be sounded Kark’mish. The Egyptian transcript, according to the 
received mode of reading, is Ka-ru-ka-ma-sha. 

The next word (fig. 17), occurring Pl. 96, 1. 3, is the name of a country, 
which is not itself mentioned in the Old Testament, but the inhabitants of which 
are called yon, Emori’; which would give for the name of the country ‘yan, 
Emér, after the analogy of Eddmi’, Edém. The vocalization is, however, uncertain, 
The versions make the first letter A; and it is more probable that the name 
was Amor or Amir. At any rate, we may be pretty sure that it had only two 
syllables ; but if the vowels in the Egyptian transcript should be all sounded, it 
would have four, A-ma-u-ru. 

The second character in this word is not a phonoglyph; it is the determina- 
tive sign which usually follows words connected with speech or with the mouth. 
When joined to the /ea/; as it is here, it marks it to be the interjection used in 
addressing a person. According to my view of the matter, the ame of the /eaf; 
considered as a letter, was pronounced in the same manner as this interjection. 
I may make a similar remark on the name of the last letter in this word, which 
occurs so often. The small bar under the mouth indicates that it is not to be 
pronounced according to its value as a phonoglyph, but as an ideoglyph; not as 
R, but as the Egyptian name of “a mouth.’’ If it had been of the feminine 
gender, a semicircle should have accompanied the small bar, as in the case of the 
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eye (fig. 18), where it signifies “an eye,”’ which was, in the old Egyptian lan- 
guage, Iri, of the feminine gender. Ro, as Champollion read it, or Ru, as 
Chevalier Bunsen reads it, was the old word signifying ‘‘a mouth,” and was of 
the masculine gender. Whatever be its true pronunciation, the name of the 
letter was the same. 

According to the principle above announced, the words that have been cited 
should be read with the omission of the expletive vowels. Even those which 
appear necessary to the pronunciation of the words are not to be retained as a 
matter of course. I prefer inserting the short natural vowel, which I will express 
by e, to be sounded as in other, when we have no authority from transcriptions 
to insert some other in preference to it; and, in the cases before us, I cannot 
consider that there is adequate authority for this except in the word Phrat. I 
write, then, the five words as follows, distinguishing the letters which I consider 
to be alone expressed by the hieroglyphics by capitals. MeRKeBeT, IeM, 
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PHRaT, KeRKeMeSH, and AMUR. [think no person will question that, 
by this rejection of expletives, the words are made to conform with their Hebrew 
representatives, which before they certainly did not do. 

The use of the two letters, both expressed by their names, Pu-ha, to repre- 
sent the single letter ®, or F, may appear strange. I will only observe that 
there are many instances of this combination of these letters or their equivalents ; 
the Egyptians having no class of letters which were sounded aé Thebes as our F. 
I do not wish to lay any stress on inscriptions of the Greek or Roman age; but, 
by way of an illustration, and to shew that the use of expletive letters was not 
obsolete at the time of the Grecian conquest, I cannot refrain from copying the 
name of King Philip (fig. 20), as it occurs at Eshminin, or Hermopolis Magna. 
It is represented by ten characters, the two first of which represent the initial 
®, and the fourth and seventh of which are expletives. Writing the last in 
small letters, and the rest in capitals, itis PHIuLIuPUS. 

I will now give some instances in which the same foreign name is written 
hieroglyphically in different manners, which, according to the common mode of 
reading, should be prenounced very differently ; but which, according to my 
mode, are reduced to the very same elements. I begin with the name of a 
country (fig. 19), which occurs, Pl. 27, 1. 6, in conjunction with the name Ker- 
kemesh (fig. 16), among the allies of the Khuta. I agree with Mr. Birch in 
identifying this people with the Chalybes; and I suppose that their chief city 
was the XaAvBdv of the Greeks, mentioned by Strabo as supplying wine to the 
table of the King of Persia; which is called by Ezekiel yy25m, that is, Masoreti- 
cally, Khelvo’‘n. The termination may, however, have been a euphonic addition, 
as in BaBvAov, from Babel. The Syriac and Arabic names of the town are 
simply Khalab. According to the received mode of reading the Egyptian cha- 
racters, they would compose the word Khi-lu-bu, giving the mowth, in this 
instance, the power of L, which it had in common with that of R. 

In PI. 97, 1. 1, there is another name of a country (fig. 21), from which wine 
is said to be imported to Egypt. It occurs elsewhere very frequently, but, so 
far as I have observed, never in the same manuscript or inscription with fig. 19. 
I consider the two names to be equivalent. Mr. Birch, following Champollion, 
read the latter Sharw, and has latterly read it Kharu. He supposes it to be 
« Syria” generally. Rossellini read it Sho-moui, on the ground that the “ion, 
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having a small bar under it, ought to be pronounced as the old Egyptian name 
of “a lion,” which he supposed was Mowz, as in Coptic. The true name of this 
animal was, however, Labu (fig. 22), according to the received reading, or rather 
Lav. The Coptic derivative is Aa8&o1, Lavoi; the Hebrew, yrs, Lavi ; 
the old Greek A€Fav ; the German, Léwe ; the Bohemian Lew. All are to be 
referred to one root, L..V, or L..W, meaning probably “to seize.”’* The hiero- 
glyphic word which Champollion and Rossellini identified with the Coptic 22.074, 
does not signify, in the old language, “a lion”’ specifically, but ‘‘a beast of prey” 
generally, including many other animals as well as the lion.f In this particular 
word, I suppose that the name of the /éon was fully pronounced ; the gwail, in 
fig. 22, I believe to be expletive, so that the name in fig. 21 would be, according 
to my principle, KHeLAB, while that in fig. 19 would be KHeLeB. The 
consonants are the same in both; the /Ai of fig. 19, and the kha of fig. 21, being 
alike equivalent to the simple kh ; while the mouth and the deg, with their 
respective expletives, are equivalent to the dion ; though I grant that the latter 
might have signified no more than L or R. The use of expletives certainly 
causes some ambiguity, though not much more so than the absence of vowels. 
It is an inconvenient fact, the existence of which we may regret; but our regrets 
must not lead us to deny what is so fully established by evidence. 

In figs. 24 and 25 are two different modes of writing the name of a goddess, 
whom we cannot fail to recognize as the Astart of the Pheenicians; the mn4mwy 
of the Old Testament, which the Masorites have sometimes pointed as ’Ashto- 
reth, and sometimes as ’Ashtauréth. The first form occurs Pl. 87, 1. 4; the 
latter is given by Champollion (Gram. p. 122), who found it expressed hiero- 
glyphically, he does not say where. The three determinative signs at the end of 
the name denote that it belonged to a goddess. The semicircle was attached to 
all feminine nouns, the egg to names of females, while the basilisk was pecu- 
liar to female deities. The last name is, according to the received reading, 
Astart, without expletives ; in the former the names of the last two letters are 
substituted for them; and, if this were not corrected, the reading would be 


* See Donaldson’s New Cratylus, p. 550. 

+ This is evident from Pl. 144, 1.9. ‘On this day do not hunt any beasts fit for food, 
(unkhw) any wild beasts, (mai) nor any birds.” The two words here used are evidently generic. 
including all the kinds of beasts that were hunted. 
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Astaruta. According to my principle it is ASTART as before. The name, 
as given by Greek authors, is with the termination Acraprn, and in composi- 
tion acrapT. 

In figs. 23, 26, and 27, we have three different ways of expressing the name 
of the country south of Egypt, which is called in Scripture w 5, Kush. The 
first occurs Pl. 97, 1. 5, and has no expletives. In the other forms, which, as 
well as this, are given by Champollion, and which are all used in ancient inscrip- 
tions, either the first or the second letter is attended by its expletive. The read- 
ing of the three forms would be, according to the received system, KeSH, 
KASH, and KeSHI; according to mine, the two last are equivalent to the 
first ; and, supplying the vowel from the Hebrew, I would represent them all 
alike by KuSH. 

I will give one more instance of a foreign word; which evidently contains 
expletive characters. It is the name of a Syrian district, a town and its sur- 
rounding lands, for the determinative sign by no means implies an extensive 
country (fig. 28). It occurs Pl. 56, 1. 4; and, according te the received mode 
of reading, it would be Ka-ru-ta-an-bu. This is as unlike as we can well con- 
ceive to a Syrian name; but if we only drop the expletives, we at once get 
ady"n7p, Kereth-’énev, “the city of grapes,” according to the Masoretic point- 
ing. The first element of the name occurs in Carthago, Cirta, and many other 
words, in none of which is there any trace of a long O or U between the R and 
the T or TH. We may, then, be quite satisfied that Karuta could not have 
been intended to represent its pronunciation. 

I have now produced a few instances of the use of expletives in foreign 
words, principally proper names, out of a great number which I have collected. 
In the third part of this paper I will cite others, with a view to determine the 
proper expletives and powers of the several characters which compose the alpha- 
bet. My present object has been simply to establish the general principle. With 
this view I have selected examples calculated to shew ;— 

First, that if all the letters in certain words, as they are found in the papyri, 
and in some of the historical sculptures, were sounded, they would be irrecon- 
cileable with Hebrew transcriptions of them that we possess, and, in some 
instances, with ancient Greek ones. See figs. 12, 14, 15, 16, 17, 24, 26, 27. 

Secondly, that, on the same supposition, they would be irreconcileable with 
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the known characteristics of both the Indo-Germanic and the Semitic languages, 
the only ones which we can suppose to have prevailed in the countries to which 
the names belonged. See figs. 15, 16, 28. 

Thirdly, that certain foreign names are at times found written in a manner 
exactly conformable to their Hebrew transcriptions, and with the genius of the 
language to which they belong; and, at other times, with superfluous letters, 
which render them irreconcileable to it. Cf. fig. 24 with 25; figs. 26 and 27 
with 23. 

Fourthly, that if a consonant, in a foreign word, be substituted for one of 
like power, it will sometimes happen that the following vowel is changed into one 
of a different power; which would alter the pronunciation of the word unless 
the vowels were merely expletive. Cf. figs. 19, 21. 

Fifthly, that the apparently superfluous letters in words are not inserted 
arbitrarily, but according to a fixed law, each character having one expletive, 
which, and no other, is found attached to it. Thus, the basin, K, the garden, 
SH, and the flowering water-plant, KH, always take the eagle for an expletive ; 
the leg, B, the square mat, P, and the pair of leaves, I, always take the quail or 
lituus ; the quail or htuwus, U, the sieve, KH, and the reservoir of water, SH, 
always take the éwo small lines ; the owl, M, takes the arm ; the purse, T, takes 
the /eaf, and so in other instances. If a character which is sometimes expletive 
were to follow a letter of which it is not the proper expletive, as the leaf; in 
fig. 25, we are by no means at liberty to reject it. It is on the fact that, when 
expletives are used, the same expletive is always attached to each letter, that 
the proof of this new law mainly rests. The examples already given shew the 
regularity with which some expletives follow some letters. The mouth, with 
its small bar, occurs in seven words ; the purse, with its /eaf, and the ow/, with 
its arm, each in four; and the /eg, with its gwail, im three. The only excep- 
tions to this principle, that each letter has one, and but one, expletive, attached 
to it, are these two. 

1. The quail and the litwus (fig. 29) were, in the age of the papyri, used 
indiscriminately as forms of the same character, the same hierographic sign (a) 
being used for both of them. If, therefore, any letter, as the Jeg, took the one 
of these for its expletive, it might take the other also. 

2. Some letters have for their expletives ideographic signs which imply letters ; 
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in place of these they sometimes take the letters implied. Thus, the waved line, 
N, has for its expletive three small bars, the usual sign of the plural number. 
This implies that the waved line should be read three times, by which the hiero 
glyphic sign of water, as in fig. 14, is formed. The name of this latter is, then, 
the name of “water.” But instead of expressing the name in this circuitous 
manner, the eagle is sometimes added to the waved line as its expletive, thus con- 
stituting the word Na, which was the old Egyptian name of “water.” Thus, 
the waved line is used with two expletives—the eagle, which expresses the vowel 
A, and the three small bars, which imply the same vowel. With these two 
exceptions, which are rather apparent than real ones, the uniformity of the exple- 
tive letters is an essential part of the principle which I seek to establish. 

It will, I should hope, be now admitted, that, in writing foreign words, the 
Egyptians of the age of the papyri often spelled them, as we may express it. 
Instead of writing the letters which composed them, they wrote the names of 
those letters, just as if, in place of writing the name Rome, we were to write 
Ar-o-em-e. I come now to shew that, in writing words of their own language, they 
occasionally adopted the same expedient, whatever its object may have been. 

It might at first be thought that the simplest mode of proving this would 
be to bring forward a number of instances in which the same word was written 
with and without expletive vowels; but a little consideration will shew that for 
our present purpose this will not be enough. It is the course which I mean to 
take, when, having proved that expletive letters were inserted in words during 
the age of the papyri, I proceed to shew that the same practice prevailed under 
the twelfth dynasty, and previous thereto. If, however, I were to rest my case 
on this simple fact, in the present instance, I should be met with the reply, that 
these vowels were the proper vowels of the words; and that, in place of regard- 
ing them as expletive when used, we should supply them when not used. If I 
should object to this reply, that there were vowels at the end of words which, if 
we may at all depend on their Coptic representatives, must have terminated with 
consonants, it would be rejoined, that these vowels, though written at the end 
of words, should be read in the middle of them, or even at the beginning, accord- 
ing to a supposed law of “transposition of vowels,” of which Champollion gave 
two instances, and which his followers have since applied to many other words. 
In order to meet objections of this sort, it will be necessary to bring forward 
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instances in which the expletive character is not a vowel, or in which different 
. vowels are attached as expletives to the same word, written with different, but 
homophonous letters; or in which the expletive vowel cannot be regarded as 
forming a part of the word, consistently with its known pronunciation. I will 
select a few instances of each of these three classes. 

And, first, we have already seen that the /eaf, which, according to the re- 
ceived alphabet, is an A, has for its expletive an ideographic character. This is 
frequently found to follow it in purely Egyptian words. I will only mention 
one (fig. 30), which occurs repeatedly in the papyri; among other places, Pl. 94, 
]. 4. This word means “stalls,” such as cattle were placed in; and there can 
be no doubt that it is a pure Egyptian word. It has for its Coptic representa- 
tive 09,1, Ohi, caula, and as a verb, stare. The corresponding verb, with which 
it is connected as the Latin stabulwm, is found in the old language. On the 
sarcophagus of Nectanebes (miscalled Amyrteus), in the British Museum, 
(Sharpe, E. I. 29), it, is written as in fig. 31, both the séting figure and the 
eagle being omitted. The latter is the known expletive of the plan of a house, 
as in fig. 15. In this instance, it might, perhaps, be contended that the character 
following the /eaf was intended to give it the power of O. Champollion attri- 
buted this use to it in foreign proper names; but when I come to consider the 
value of this character in the third part of the paper, I will shew that he was 
completely mistaken on that point; indeed it is evident that in the name already 
cited (fig. 17), the /eaf with the sitting figure represents A or E, and not O. 
To remove this objection, however, I will give another instance, in which 
nothing of this sort can be pretended, inasmuch as the expletive character is a 
consonant. The chair-back, or whatever it is which represents S, has for its 
expletive the semicircle, its name as a letter being Set. Now, this combination 
is repeatedly used for the simple letter S$, in purely Egyptian words. By itself 
it is used as the pronoun of the third person singular feminine; which was pro- 
perly S alone, as on the tomb in the British Museum of the fourth dynasty, the 
great Karnac obelisk of the eighteenth, and in innumerable other instances. — I 
will, however, shew that there are instances, too numerous to be attributable to 
mistake, of the expletive semicircle being added to this pronoun. To prevent the 
possibility of misapprehension, I first observe that I'am fully aware of the fact 
which Champollion mentions, that Set is used, both with and without the three 
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small bars, for the pronoun of the third person feminine plural ; but I will give 
undoubted instances of its being referred to a singular antecedent. In PI. 108, 
in the first three lines, it is so used repeatedly ; in Pl. 159, 1. 10, it is used with 
reference to Neith; and in Pl. 146, |. 6, in reference to another goddess. 
Again, in Pl. 79, 1. 7, it is used with reference to a noun, which is preceded by 
the feminine article singular, and has no mark of plurality. The semicircle is 
also added to the chair-back, when it forms a part of words. I will give but one 
instance, though I have noticed many. In Pl. 82, 1. 4, the name of a plant or 
fruit is written as in fig. 32, which, according to the received mode of reading, 
would be Aasti ; elsewhere the semicircle is omitted. This is, probably, “the 
tamarisk,” of which the Coptic name is oct, os?. 

Of the second class of examples which I proposed to adduce, the following 
may suffice. The participle passive of the verb Meh, “to fill,” is written in PI. 
57, |. 3, as in fig. 33; and in Pl. 58, 1. 2, as in fig. 34; two equivalent forms of 
the letter T being used, and to each is attached its proper expletive; the semi- 
circle has the lituws, which is U, and the purse has the leaf; which is A. Are 
we to read this word Meh-tu or Meh-ta? Or shall we affirm that the Egyptians 
used these two terminations indifferently ? According to the principle for which 
I am contending, there is no difficulty. Neither of the vowels is to be sounded. 
The word is MeHuT; the vowel being supplied in the last syllable from the 
form UT (fig. 35), which is used on the Rosetta stone, and the Coptic oT. 

I will give two more examples, in which, though the expletives are vowels, it 
appears to me impossible that any one can contend for their being properly parts 
of the two words. The word for “evening” occurs, Pl. 44, 1. 4, written with 
four letters, RUHA (fig. 36), and determinative signs. The corresponding 
Coptic word is potg,t, Raht. The first vowel in this word is not, and cannot 
be expletive, for the ditwus is not the proper attendant on the mouth ; the second 
I affirm to be expletive, partly because the final vowel is not A in Coptic, and 
partly because the word is sometimes written with only three letters, as in fig. 37, 
taken from the sarcophagus of the Queen of Amasis (Sharpe, 118, 5). If the 
principle were admitted, and we were only discussing matters of detail, this 
would be quite sufficient to shew that the eagle, at the end of this word, should 
be considered as an expletive; but I cannot rely on such arguments for my 
present purpose. I quote this word, not as an instance of one expletive, but as 
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an instance of two letters being written without expletives, to be compared with 
another form of the word (fig. 39) occurring Pl. 113, 1. 7, where all the letters 
have expletives. If this last form be read according to the received manner, 
it will be Ruw-w-i-ha, with four syllables in place of two. Can any one imagine 
that this was the true pronunciation, and that the forms (figs. 36 and 37) were 
abridgments of the word, produced by the omission of its proper vowels, which 
ought to be supplied ? 

The other instance is the word for “moon.” It occurs at Karnac as in 
fig. 38 (Champ. Gr. p. 198), with three letters, dah, and, as a determinative 
sign, the /unar crescent. The Sahidic equivalent of this word is 009, ooh ; 
and the pronunciation is represented in Greek by the first syllable of the proper 
name ”Apuaors, which was probably sounded as a in call. The Greeks, having 
no mode of representing the breathings in the middle of words, may have 
reduced two syllables to one; but if the word, as it appears in fig. 38, was 
written defectively—if it properly contained another long vowel, how would 
such a contraction have been possible? Yet the word is written in the papyrus, 
Pl. 8, 1. 11, as in fig. 40, with a quail at the end. If the letters be all sounded 
in the order in which they occur, this would be A-a-hu ; if we admit that trans- 
position of the final vowel, which I suppose I must consider as the received mode 
of reading hieroglyphics, it would be A-a-wh or A-u-ah. All these forms are 
decidedly inconsistent with both the Sahidic word, and the Greek representative 
of the old Egyptian one. 

Without multiplying examples, I think I may now consider it as proved, that, 
in the age of the papyri, the Egyptians used expletive characters after the letters 
of native words, as well as of foreign ones. I proceed to shew that the practice 
was not peculiar to this age, but prevailed under the twelfth dynasty, and even 
before it. My argument is this. I bring forward instances in which the same 
word is written with and without letters which were used in the age of the 
papyri, as the proper expletives of the letters which precede them, and which, 
according to the principle already established, should be considered as expletives 
in texts of that age. I then infer, by a fair analogy, that if the longer forms of 
these words were to be reduced to the shorter forms in the age of the papyri, 
they should be so also in other ages, where the same diversity of form existed. 

The first instances which I adduce are from two steles in the British Museum, 
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which contain a considerable portion of matter common tothem. I will call one 
of them, which is dated in the thirteenth year of Amenemhe II, A, and the 
other, which is dated in the sixth year of Osortasen II., B. According to the 
chronology of the monuments, the former of these is twenty-five years older 
than the latter; but according to the strange system which Chevalier Bunsen 
has proposed, with a view to reconcile Eratosthenes and Manetho, the latter is 
four years older than the former. 

On collating these steles, I find in l. 10 of A the reading given in fig. 41, 
while in 1. 8 of B is that given in fig. 42. The eagle appears as the expletive of 
the ground plan of a house, in figs. 15, 30, and 39. In 1. 11 of A, I find fig. 
43, and in 1. 9 of B fig. 44. It will be proved in Part III. that the guai/ is the 
proper expletive of the eagle. The determinative sign added to this word in B 
could be no compensation for the omitted letter, supposing that it were anything 
more than an expletive. It implies that the word signifies a locality. It means 
‘*a gap,” or “mountain pass.” With a different determinative sign, the three 
bars denoting the plural, and an expletive after the first letter, as in fig. 45, it 
occurs Pl. 97, 1. 6, signifying “ planks.” The root signifies findo, as the Sahidic 
we, on the authority of which I supply the vowel, reading PuKA. This 
Sahidic word also signifies “a plank.’ In]. 13 of A we have fig. 46, as the 
past participle of the verb UB (as commonly read), “to purify ;” while in |. 10 
of B we have fig. 47. In the last form the two determinative signs are omitted, 
and the /eg, the complement of the peculiar letter, the vase emitting water, is 
substituted for them. This is in accordance with the received principles; but 
what I wish to draw attention to is the omission of the final /eaf in fig. 47, or 
rather its insertion in fig. 46. This is exactly parallel to what we have already 
seen in fig. 34. The participle is UBuT, ending with the consonant ; and the 
leaf is here, as there, an expletive. 

In the 9th line of A we have the word copied in fig. 48. This passage 
occurs on a stele of Mr. Harris’s, dated in the seventeenth year of Osortasen I. 
(Sharpe, 86, 1.6), and the word is written without the eag/e, as in fig. 49. The 
eagle is constantly used as the expletive of the preceding character, whatever it 
may be. In the 15th line of A, the name of certain panegyries is written as in 
fig. 50. On another stele of Mr. Harris’s, dated in the sixth year of Amenemhe 
II. (Sharpe, 104, |. 3), the eagle is omitted, as in fig. 51 ; the determinative sign 
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being also omitted. Of the first letter of this word, also, the eagle is constantly 
used as the expletive. 

There is a large slab in the British Museum which is admitted, I believe, by 
all Egyptian archeologists, to be anterior to the twelfth dynasty. It is copied, 
Sharpe, 36-38. In pl. 36, col. 12, the Egyptian word signifying *‘heart” or 
‘* middle’’ occurs, as in fig. 52. It consists of the two letters MT, and a deter- 
minative sign. Probably this word was connected with the Latin Med-ius, and 
also with A/ens ; for the Egyptian T, as well as the Latin NS, was a formative 
of the participle. In col. 22 of the same plate, the passage where it occurs is 
repeated; and here the word occurs as in fig. 53, an eagle being introduced, the 
known expletive of the character here used for M, the sickle. In the small 
horizontal line at the top of the stone, Pl. 36, 1. 2, the same word occurs (fig. 54), 
the form of the last letter being, however, changed, as well as the determinative 
sign. It is here used as the name of the stone of which the slab was formed. 
Champollion, in the 100th page of his Grammar, gives this name as in fig. 55, 
without the expletive letter, but with the determinative sign of the /eart, as well 
as the generic determinative, a block of stone. Champollion represented this 
word in Coptic characters 2x T9,HT, supposing that the hearé should be read 
by its Coptic name, Hit. ‘This is one of the many mistakes into which he was 
led by his dependance on that language. The whole word is 2x7, Met ; and as 
this signified, in the old Egyptian language, both “a heart’’ and “ rose-granite,”” 
or some other kind of stone, the determinative sign of the word in the former 
signification, which was the more common of the two, was used along with that 
which properly belonged to it in the latter signification. Instances of this are 
very frequent, and they require to be carefully watched. 

I will give one more instance of the use of an expletive in the time of the 
twelfth dynasty. Ina stele in the British Museum of the reign of Amenemhe 
III., we have a female name, which was common in those times, A¢ or Et, 
“bread,” connected, probably, with ed-o, &c., written as in fig. 56, the determi- 
native sign of a loafand also that of a woman being added (Sharpe, 6, 1. 6). 
In the stele of Mr. Harris’s, last cited (Sharpe, 104, 1. 6), the name occurs as in 
fig. 57. Tsay the name, for, though not applied to the same female, it has all 
the appearance of being identical with it. Here we have two additional charac- 
ters introduced, a second determinative of “bread,” namely, a row of cakes, 
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which is generally found accompanying the other,* and the ideographic exple- 
tive of the deaf, already met with in figs. 17 and 30. 

These examples will, I trust, be sufficient to convince any one who will can- 
didly examine the subject, that the principle of expletive letters, already shewn 
to have been recognized among the Egyptian scribes in the age of the papyri, 
was also recognized under the twelfth dynasty, and even before it. 

It will be proper that, before I leave this branch of my subject, I should say 
something of the origin of this strange practice, and the probable reason of its 
being continued. I must first, however, draw attention to a fact connected with 
these expletive letters, which is calculated to throw much light on the matter. 
My object having been hitherto to establish the existence of letters in a word 
which were not mtended to be sounded, I have selected words in which there 
was reason to suppose that the letters in question were not to be sounded. Other 
words might, however, be adduced, in which a letter, sometimes inserted and 
sometimes omitted, should be always sounded. For example, the adverb signi- 
fying “twice” is generally written as in fig. 58, TI; but in one of the papyri 
(PI. 27, 1. 11) it is written at greater length TUI. This form occurs in the 
word signifying ‘‘a griffin,” which is usually written AKHeKH, as in fig. 59, 
but appears here as in fig. 60, the adverb “twice” being substituted for the 
second seve. ‘The monstrous bird, omitted in the figures, which is used as a 
determinative sign of both words, and the similarity of the two contexts, leave no 
doubt as to their identity. No person who compares this adverb with the equi- 
valent Gothic, Sanskrit, and old Latin forms, can doubt that the U is properly 
a part of the word, and that, when written as in fig. 58, it should be pronounced 
Twi. Here, then, the ¢, in the form of a semicircle, is to be expanded to tw, 
while in other instances, as in fig. 33, the fw is to be reduced to ¢. 

The following is, then, a correct statement of the law, as deduced from obser- 
vation, by which the use of these characters was regulated. 

Almost every letter in the Egyptian alphabet has a subsidiary letter, or ideo- 
graphic character, implying a letter or letters, which, when placed after it, com- 
pletes its name. When this subsidiary character follows the principal letter, it is 
in general to be passed over as superfluous ; but, in a few instances, it should be 


* In my paper on the Stele, I improperly interpreted this determinative sign, ‘‘ of all sorts.” 
VOL. XXI, U 
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sounded when expressed, and even supplied when not expressed. Thus, the 
pair of leaves has for its subsidiary letter the quail ; its name is Yd, its general 
power I, pronounced as in Germany and Italy. When the quai follows it, it 
is for the most part to be regarded as absent, as in figs. 14 and 20. The former 
word was probably pronounced yom or yaum, not yim. In the case, however, 
of the name of “the kingdom of Judah,” from the list of countries conquered 
by Shishonk, at Karnac (fig. 61), we know that the quail ought to be sounded 
as U, YUTaHMeLeK;; and in the name of Ptolemy, as usually written (fig. 62), 
we must supply it, reading the pair of leaves 1-U, PTULMIUS. 

It ought to create no surprise that the principle of expletives should be 
retained in the Ptolemaic period; even under the Romans we have the clearest 
evidence of their continued use. In the Gnostic manuscript at Leyden, which 
contains words in the hierographic and Enchorial characters mixed together, 
with Greek transcriptions of several of them between the lines, the hierographic 
words are, for the most part, written with expletives. I will give one example. 
In col. 16, 1. 25, we meet with the hierographic word and transcription in fig. 
63. The six hierographic letters correspond to the six hieroglyphies in fig. 65. 
The concluding hieroglyphic character marks the termination of the word. 
These six are, according to the received alphabet, Ta-ha-nu ; but the word is 
Cav, Than. Here then, as in fig. 15, we have two syllables, as written, repre- 
senting an aspirated consonant, which did not exist in the Egyptian language ; 
and we have a vowel at the end, written but not sounded. We may remark, 
however, that though the principle was unchanged, an alteration had taken place 
in the names of the letters. The waved line has here the litwus ; in the age of 
the papyri it had the eagle ; and, vice versd, the semicircle had in old times the 
quail or lituus, but has here the eagle. 

There is no question that this mode of writing leaves a great uncertainty as 
to the proper mode of reading what is written ; not more so, however, than 
exists in the Hebrew and other languages where the vowels are omitted. It 
is, as I have already observed, an inconvenient fact that the Egyptian scribes 
adopted this system ; but it is a fact fully established by evidence, and we must 
endeavour to apply it properly to the reading and interpretation of hieroglyphics ; 
in the latter, as well as in the former of which, the knowledge of it must neces- 
sarily produce material changes. 
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I will now briefly state my views as to the origin of this practice, and the 
reason why it continued to prevail. 

As to the first point, I conceive that every phonoglyph originally in use 
represented a syllable, under which name I would here include a combination of 
two syllables, as well as a single vowel. 

That at a period more remote than the date of the oldest monument in exis- 
tence, a selection was made of certain characters, which should henceforth repre- 
sent the initial sounds in the syllables that they represented. 

That in process of time, but still before the date of the earliest monuments 
in existence, the practice was introduced of completing the characters which 
remained syllabic, by the addition of the characters that denoted letters ; the 
object of this completion being to assist the memory, which could not easily 
retain, without some assistance of this sort, the powers of so many phonoglyphs. 

That various means of completing the syllables were used; custom being 
guided by the frequency with which the phonoglyph to be completed occurred, 
and by the convenience of arranging the characters in groups. Some were 
completed without using the syllabic sign as a letter; and, in that case, first, all 
the characters might precede it, as in MeT, figs. 52, 55; or, secondly, all might 
follow it, as in MA, “truth,” or “a cubit,” fig. 64 ; or, thirdly, some might pre- 
cede and some follow it, as in AMaKH, “to bless or favour,” fig. 66. Other 
words were completed by using the syllabic sign, fourthly, as the first letter, as in 
MeN, fig. 8; or, fifthly, as the last letter, as in ToM, fig. 67. In all these 
instances, except the last, the syllabic sign is sometimes used alone, without any 
completion. Sometimes a syllabic sign is completed in more ways than one, as fig. 
68, which represents the syllable Hos, is sometimes completed in the fourth way, 
as in fig. 69, and sometimes in the third, as in fig. 70. It was a decided error of 
Champollion to suppose that the spindle, in this last word, represented the vowel ; 
it represents the whole syllable. Yom, again, fig. 67, is sometimes completed in the 
third manner, as in fig.71. A peculiar kind of vedture represents the syllable NeH. 
It admits of being completed either in the fourth way, as in fig. 72, by placing an 
H after it, which is the most convenient, and therefore the commonest way; or 
in the fifth way, by placing an N before it, as in fig. 73, which represents the 
name TiMNaH, a town in Palestine, 752m, Pap. pl. 56, 1. 3; or in the third 


way, as in fig. 74, where it is inserted between the N, which concludes one word, 
U 2 
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and the H, which commences the next; probably, indeed, as an intimation that 
the words were closely connected in sense, and might be considered as one com- 
pound. They signify ‘a long continuance of time.” The sular disk, inserted 
between the two ¢wisted ropes, is an ideograph or determinative sign, placed 
there, instead of at the end of the word, with a view to form a group more 
agreeable to the eye. 1 read the whole TeNHaH, supplying the last vowel 
from the Sahidic 9,29, Again, in fig. 75, we have a syllabic sign completed in 
the first manner, by prefixing all the letters SaKHT; and in fig. 76 we have it 
completed in the fourth manner, it being now used in place of the initial letter 
S. This character represents a double net, and the word before us signifies “to 
catch with a net;” it is probably the Sahidic cewT. 

Besides the five methods of completing syllabic signs which have been already 
mentioned, and which are all used with classes of phonoglyphs, there are some 
remarkable methods occasionally used, which I deem it right to mention in this 
place. The palm-shoot is a syllabic sign for Tel or Ter; it is sometimes com- 
pleted in the first manner, by prefixing the semicircle, T, and the mouth, R; 
and frequently a /eaf is added, as in fig. 77. This leaf here replaces the vertical 
bar, as the expletive of the mouth. This combination is used not only by itself, 
to express the word TeR, “a season,” but as the last syllable of a great variety 
of words, such as NeTeR, “a god,” HaTeR, “a horse,” &c. But, what is 
more remarkable, the semicircle is sometimes omitted, the preceding letter being 
placed over the mouth, in the place which the semicircle here occupies. Such 
is the case in the remarkable word, fig. 78, which is of frequent occurrence. 
The first character is ideographic, and signifies ‘‘the earth,” or “land ;’ the 
next is a form of M used before T and R; the palm-sprout requires that a T 
should be supplied.* The final character is the determinative for Egypt and its 
parts, and it is doubled to denote the dual number. This was probably formed 
by the addition of I to the singular. The whole group is then to be read TO 


* The palm sprout is not essential to this word, though it removes ambiguity. The names of 
the goddesses representing Upper and Lower Egypt are formed of the group in fig. 84, followed 
by the reed and the papyrus plant respectively—the two plants which symbolized the two 
Egypts. In this group there is no transposition. The semicircle is the sign of the feminine 
gender, and the initial character must be read Mut, forming the name MuTeR. ‘This character, 
a sort of hoe, when placed horizontal, as it is here, expresses indifferently Met or Mer, alone, or 


of the Letters of the Hieroglyphic Alphabet. 157 


MuTeRI, “the land of the two Egypts.”* Another remarkable completion is 
that of the word signifying ‘‘ incense,” Sahidic corte, the final p being dropped, 
as in most cases where it occurred in the old language. The word is very 
variously written, and its different forms have been taken for two or three diffe- 
rent words ; but in all cases the letters SoONTeR are expressed, or 7mplied by 
syllabic signs. In the papyri it is written as in fig. 79. There are here three 
syllabic signs, the pa/m-sprout, following the syllable Ter, as already explained ; 
the axe, Netér, and the character following it, which, alone or followed by the 
waved line, represents Son. The axe which, when it stands by itself, signifies 
“God,” is here used as a syllabic sign, and must be considered as implying 
whatever letters of the word NeTeR are not otherwise expressed. In fig. 79 
all are so expressed, the N being implied by the second character ; but this is not 
always the case. In figs. 80 and 81 will be found some of the various ways in 
which it is written. In the former neither T nor R is found, except as implied 
in the ave, and in the latter neither N nor R. The three grains, or the grain 
with three vertical bars, which are equivalent, are the determinative sign. It is 
possible that the ave in this word, besides having a phonetic value, as just 
explained, may be suggestive of the use of incense in the service of the gods ; 
but though such a suggestive use of phonoglyphs certainly prevailed in the 
Grecian age, I am by no means clear that it did in the early period to which this 
use of this character can be traced. 

I conceive, further, that the characters thus used as letters for the completion 
of syllabic phonoglyphs were themselves occasionally used as syllables, and that 
they were, as such, completed in the fourth way. This was necessary, in order to 
express the names of these letters. The letters in all languages have names, and 
it is a matter of necessity that they should have them; for otherwise it would be 
impossible to describe orally the spelling of words, to give instruction to writers, 
or to correct errors into which they may fall. Now, as the sound expressed by 


as part of a word. When elevated at the angle, it is exclusively used in the word MeR, “to 
love,” and its derivatives. This distinction is observed in all correct texts, and ought not to be 
overlooked. 

* Few persons will doubt that we have here the Dz of the Hebrews, masoretically .Wits- 
rdyim. On this authority we might supply 7 as the first vowel; but I would rather depend on 
the transcription in the first kind of Cuneatic writing, which is Mudrdya at Bisitiin, and Mudraya 
in the plural—they had no dual—at Persepolis. 
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the letter could only be pronounced by itself, when the letter was a vowel, it 
was necessary to add something to it, in order to make it a pronounceable name ; 
and nothing was more natural than that the syllable which the character origi- 
nally expressed should be adopted as the name of that character, when used for a 
letter. Such syllables might be completed either by the addition of the vertical 
line, which, as already explained, denoted that the name of the object was to be 
expressed, or by the addition of the letter which represented the final sound. 
The names of the letters, however, were not ail chosen in this manner. In the 
case of some of them, especially the vowels, we may be pretty sure that the name 
of the letter was not the original syllabic power of the phonoglyph. Indeed, 
some of the characters used as letters probably never represented syllables, 
having been first used as phonoglyphs at the time of, or subsequent to, the 
invention of an alphabet. But even where the character had originally a 
syllabic power, it did not necessarily follow that it was that original syllable 
which was used as its name. The small water vessel, for example, fig. 82, 
originally denoted the syllable Na ; and when followed by an upright line, 
it continued to be so sounded, as in the plural possessive article, and the noun 
signifying ‘‘a place ;” but the name of this character was Nw, it being com- 
pleted by the quail or lituus, as in fig. 83; or, in lieu thereof, being written 
three times, as in fig. 85. These three water vessels are to be read Nu, or, if 
the U be expletive, simply as N. 

It results from what has been said, that the connexion of the expletives which 
attend on some of the letters with these letters, can be explained by the fact of 
these letters originally representing syllables, but that this will not account for 
the use of all the expletives. Ifthe quail represents the sound U, its name may 
have been U; there was no necessity for the expletive pair of nes being added, 
so as to make its name Wi. While, therefore, the original idea of expletive charac- 
ters must have been derived from the original use of phonoglyphs, as representa- 
tives of syllables, the system of expletives in actual use in the ages of the twelfth 
dynasty and of the papyri must have had some other origin. I think there can 
be no doubt that this origin was the circumstance, whatever it was, that gave 
occasion to the continued use of expletives. If there was any reason which ren- 
dered it convenient or desirable to substitute the names of letters for the letters 
themselves, this would render it expedient that ad/ letters should have names, 
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formed by the addition of expletive characters to the letters themselves; and 
that expletives should, consequently, be assumed for these letters which had them 
not in the first instance. 

This brings us, then, to consider the last question—why the use of ex- 
pletives prevailed among the Egyptian scribes. It cannot be alleged with any 
reason that they used them merely to increase the quantity of their work, for 
which they were probably paid by the line. This may have influenced them to 
use them toa greater extent than they would otherwise have done, as it probably 
influenced them also to use determinative signs to a greater extent than necessity 
required, or, perhaps I may say, than strict propriety warranted ; but it could 
not have been the principal reason for the practice being adopted and retained. 
The opinion I have formed on this subject is, that expletive letters were first 
used in hierographic writing, and that the cause of using them was the great 
resemblance which certain hierographs bear to each other. Those, for instance, 
which correspond to the mowth, R, and to the semicircle, T, are absolutely 
undistinguishable. Not only the T of one manuscript is formed as the R of ano- 
ther, but the T and R of the same manuscript are often formed precisely in the 
same manner.* How, then, are they to be distinguished? In known words, the 


* As connected with this, it may be worthy of remark that the same syllabic sign is some- 
times used to express syllables terminating with T and with R. Thus, the hierographic equiva- 
lent of a character which may, perhaps, represent a dead ovvi (see fig. 86), is used in the papyri 
to represent MeL, “a keeper,”’ or ‘* owner,” MuT, ‘‘a mother,” and MeT, “death,” or ‘ to die.” 
These three words are only to be distinguished by determinative signs; the first occurs, among 
other places, Pl. 84, 1. 8, 9, and has no determinative (fig. 86). The second differs from this in 
that it is followed by the seated female figure, Pl. 149, 1. 9; and the third by the Orya’s horn, 
Pl. 92,1. 7, or the sparrow, Pl. 90, 1.11, the usual determinatives of words expressing what is 
bad. In the same papyrus these words are all written exactly alike; and the two characters in 
question are also used as a syllable in many other words. A similar instance has been already 
noticed with respect to the character which begins the name of Egypt in fig. 78; and I have 
observed others. It appears to me the most probable way of accounting for this, to suppose that 
the sounds of R and D (which was the power of the semicircle on the sea-coast of Egypt) were 
confounded ; as we know they were in the languages of all neighbouring countries, in which they 
are interchanged in many words, and in which the letters, when distinguished, were only made to 
differ very slightly. The distinction between them was, I conceive, not made till after the intro- 
duction of the hierographic characters; and when it was made, it was only attended to in the 
hieroglyphics, the mouth being appropriated to the sound R, while the semicircle, which was 
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characters which accompany them would enable the reader to decide. An 
Egyptian, for instance, would at once know that the word represented in fig. 87, 
which occurs Pap. pl. 49, 1. 3, and which signifies “an obelisk,” was to be read 
tekhén, and not rekhén; though we could never have discovered this, if the 
word had not been found written hieroglyphically on an obelisk of Nectanebes. 
But had this been an unusual or foreign word, an Egyptian himself would have 
been at a loss to tell what was its first letter. This difficulty was practically 
removed by the use of expletives. The mouth and semicircle have different 
expletives; and if a word contains one of them followed by its proper expletive, 
it is at once known which of them it is. The object, then, of using expletives 
was, in the first instance, to distinguish letters which were liable to be confounded 
from their similarity. No other pair of characters are so similar as the two last 
mentioned ; but many others closely resemble one another, and the carelessness of 
a scribe, a blot of ink, or a defect in the papyrus, whether existing at the time it 
was written upon, or occurring subsequently, might render it impossible to tell 
which of two or three characters was that intended. The use of expletives was 
then very great, in rendering the reading of words more certain. They, no 
doubt, created an uncertainty, so far as the vowels were concerned ; but in return 
for this they made the consonants much more certain, not only at the time of 
writing, but when what was written should come to be read, perhaps after a con- 
siderable interval of time, and after the papyrus had suffered decay. There are 
many instances in the papyri in the British Museum, in which characters that 
are partly eaten away can be restored with perfect confidence by help of the 
expletives that accompany them; though, if these had been absent, different 
modes of completing them would have been equally proper. 

With respect to the use of expletives in hieroglyphic sculptures, I consider 
it anabuse. The instances of it are comparatively rare, and they occur in texts 
which were copied from hierographic originals. The scribe who drew the cha- 
racters on the stone may have only been acquainted with the art of substituting 
hieroglyphs for the hierographs which corresponded to them. He may not 
have been acquainted with the more difficult art of reducing the hierographic 


originally an ideographic sign of the feminine gender, was used to express D, or, in the south, T, 
the formative of feminine nouns which were derived from masculines, and also the feminine 
article. 
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forms of words which contained expletives, to the hieroglyphic forms which 
excluded them. Many hieroglyphic texts, such as, for example, the Paris obelisk, 
contain no expletive characters. 

I have now completed what I have to say in regard to the newly-discovered 
principle of expletive letters. Ignorance of this principle has led former inves- 
tigators into many errors, even such as had right views as to the nature of syllabic 
signs, and the mode of completing them by letters. This, however, is not the 
only cause of the errors that have hitherto prevailed. Independently of this, the 
mode of investigation heretofore pursued seems to me very objectionable. I 
have next, then, according to what I proposed, to consider the modes of proceed- 
ing which have been heretofore adopted, with a view to ascertain the exact 
powers of the phonoglyphs, and to lay down rules for a more correct investiga- 
tion. This is the object of the second part of this paper. 


PART II.—BEST MODE OF INVESTIGATING THE VALUE OF PHONOGLYPHS. 


It is pretty obvious that all investigations into the value of Egyptian pho- 
noglyphs must proceed from data of the four following kinds. 

Ist. Transcriptions of Egyptian words, expressed by phonoglyphs, in charac- 
ters of a known foreign language. 

2nd. Transcriptions of words of a known foreign language, in Egyptian pho- 
noglyphs. 

3rd. Various modes of expressing by phonoglyphs the same Egyptian word. 

4th. Comparisons of Egyptian words, expressed by phonoglyphs, with cor- 
responding words in kindred languages. 

All these sorts of data have been used by Champollion and his followers ; but 
they have been used, as it appears to me, with so little judgment, and with so 
little regard to the precautions against error that should have been taken, that 
great errors could scarcely have been avoided, and in fact have occurred. 

Before I proceed to consider them in succession, it will be proper that I 
should state clearly the object which is mow to be sought, and that I should 
notice a precaution of a general nature, which, though obviously proper, has been 
hitherto too much neglected. I am not now seeking the powers of the Egyptian 
phonoglyphs, as if nothing were known respecting them. If I were, data of a 
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different kind from what I now recommend would have to be consulted. But I 
avail myself of the labours of Champollion and my other predecessors. It might 
be said with truth of Champollion’s alphabet, and may be said with greater 
reason of Chevalier Bunsen’s, that the powers assigned to most of the letters are 
correct, or nearly so. In some few instances, the power of a character has been 
altogether mistaken; in several others it has been slightly so; while in many 
cases it has been correctly given. What I propose now to do is to re-examine 
all the characters, aided by the new principle that I have explained, and, availing 
myself of new data, preferable in some important respects to those that have 
been previously in use, to seek the exact powers which they had. 

The precaution which I have first to point out is, that these powers should 
be investigated at a particular time and place. Other investigators have pro- 
ceeded as if the Egyptian letters had the same powers in all parts of Egypt, and 
in all ages. This, however, ought not to be taken for granted. The difference 
between the dialects of the Coptic language is by no means trifling; and as the 
Memphitic and Theban monuments exhibit many Egyptian words, written with 
the same phonoglyphs, which correspond to words that were different in the 
Memphitic and Theban dialects, it seems plain that some phonoglyphs must, 
before they were superseded by the Coptic letters, have been differently sounded 
at Thebes and at Memphis. Again, Egyptian words were transcribed differ- 
ently by different Greek writers. The name of the builder of the great pyramid 
was called by Herodotus Xéoy, and by Manetho Zovdis. To say nothing of 
the latter parts of these names, which were variously modified by these authors, 
in order to reduce them toa Greek form, it is plain that the initial letter of this 
name, the sieve, was pronounced by the informant of Herodotus as the Greek X, 
or in a manner not very dissimilar; while Manetho was in the habit of pro- 
nouncing it as our SH, which could be best represented by the Greek >. 
Possibly this difference was occasioned by the informant of Herodotus being a 
Theban, while Manetho was a native of Lower Egypt: but it is possible, also, 
that the sound of this letter varied in different ages. In the Theban dialect of 
the Coptic language, as well as in the Memphitic, it was represented in most 
words where it occurred by W, that is, certainly, our SH. This was its common 
equivalent, whether initial, medial, or final; as in ayimte, “to seek,” ceaT, “to 
entangle in a net,” 2cj, “ what,” &c. &c. Occasionally, it was represented by 
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@, answering to the Memphitic 5. This is best accounted for by supposing 
that the original hard sound of this letter was in some words, though not in all, 
changed to a softer one ; and perhaps its original sound might be inferred, with 
sufficient certainty, from the two into which it is known to have degenerated, 
supposing that we had no other evidence for it. This, however, is beside our 
present purpose. What I now insist on is the fact, that the letters of the alpha- 
bet had, in some cases, different powers in the same place, at different times, as 
well as in different places at the same time; though the former difference was 
probably less sensible than the latter, until a considerable time after the Persian 
conquest. I propose, therefore, to select a particular time and place, and to inves- 
tigate, in the first instance, the powers which the phonoglyphs had then and 
there. It will be a matter for after consideration to find what difference there 
was in their powers at other places and times. This will be occasionally noticed 
by the way, but it is no part of what I now propose to accomplish. 

The place which I have thought it best to select is Thebes, and the time is 
the interval between the first Rameses and the fourth king of that name, accord- 
ing to Sir G. Wilkinson and others : the fifth, according to Rossellini. During 
this interval the most important sculptures at Thebes were executed ; almost all 
those at the Ramesseion and Medinet Abi, and the best of those at Karnac, 
Luxor, and Biban-el-Molik. During this same interval, also, the greater part 
of the papyri published by the British Museum were written at Thebes. We 
must except the beginning of the first Sallier papyrus (which is more ancient), 
the fourth Sallier (which seems to have been written at Memphis), and, perhaps, 
the last two Anastasi. The remainder, which occupy about 136 plates of the 
published fac similes, were written at Thebes, and in the interval above men- 
tioned, which I have called “ the age of the papyri.” 

As I shall have occasion to refer to monuments of different ages, though 
none of them can be admitted as evidence of primary authority im the present 
investigation, I deem it right to describe briefly the several ages as I class them. 
I do so for convenience, waiving the discussion of disputed chronological 
points. 

The first age, or “age of the Fourth Dynasty,” comprehends the royal 
names found in the great pyramid, the inscriptions on the tomb of Teta, and on 


the coffin of Mycerinus, in the British Museum, and those copied in Mr. Burton’s 
x2 
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27th plate, figures 1, 3, and 4. I differ from some other investigators, in not 
referring fig. 5 to the same age. It appears to me considerably later. 

The second age comprehends all monuments, except those named, with which 
I am acquainted, that are earlier than the reign of Amenemhe I. The order 
of the kings named in them is yet unsettled, and it will probably be found to be 
very different indeed from that which Chevalier Bunsen imagines that he has 
deduced from Eratosthenes. 

The third age, or ‘age of the Twelfth Dynasty,” includes the monuments 
of Amenemhe I. and his successors, to the end of the dynasty. I should make 
a separate class for the monuments of “the Middle Kingdom” of Chevalier 
Bunsen, if I knew of any such, or if I saw any reasonable grounds for supposing 
that this supposed interval between the twelfth and the eighteenth dynasties ever 
really existed. 

I call, then, the age of the Eighteenth Dynasty the fourth age, making it 
extend so as to include the reign of Rameses I. 

The fifth age, or “age of the Papyri,” has been already defined. 

The sixth is that of the successors of Rameses III., the hero of Medinet 
Abi, to the end of the Twenty-fifth Dynasty. 

The seventh includes the later dynasties, native and Persian. 

The eighth extends from the Grecian conquest to the death of Ptolemy 
Evergetes II.; after which the style of hieroglyphical writing began to degene- 
rate much more rapidly than it had previously done. 

The ninth includes the reigns of the later Grecian, and the earlier Roman 
sovereigns. 

The tenth age is that of the later Roman emperors, including the sculptures 
at Dendera and Esne, where every principle of propriety that had been recog- 
nized in earlier times appears to have been abandoned. 

I now come to consider the several kinds of data which I have mentioned in 
succession. And first, as to transcriptions of Egyptian words expressed by pho- 
noglyphs, in characters of a known foreign language. These have been consi- 
dered very useful; and indeed they have been regarded as unexceptionable 
means of determining the powers of the phonoglyphs which the words contain. 
Objections, however, lie against them all. The languages in which the tran- 
scriptions are made are Greek and Hebrew. As to the former, it is plain that, 
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as none of them can be older than the seventh age, and as the greater part are 
not earlier than the latter part of the eighth, they cannot be received as evidence 
of primary authority for our present purpose. Some of them, as the names in 
Mr. Grey’s Antigraph and the registries of several deeds, which may, in many 
cases, be resolved into their elements, furnish us with the Greek representatives 
of several hieroglyphic words, as pronounced at Thebes, under the Ptolemies. 
The names of some kings also furnish us with similar data; and the pronuncia- 
tion of them is probably more to be depended on than that of ordinary names, as 
being more generally used by the people in all parts of the country, and, there- 
fore, more likely to be correctly reported. These are chiefly valuable, as they 
may possibly give us the powers of characters which are ascertained by other 
means to correspond to ambiguous Hebrew letters, as the m574)2; and w. 
When we recollect, however, that the Greeks had no mode of correctly 
expressing the sounds of W, V, SH, ZH, CH (at least, when initial), and H 
when not initial, or those corresponding to the Hebrew letters y, wg, and p, all 
of which, for aught that we have a right to assume, may have had representa- 
tives among the Egyptian phonoglyphs, we shall be inclined to lay very little 
stress on Greek transcriptions of hieroglyphic words, as evidence of the powers 
of the letters at any time. All that we can expect from them is a knowledge of 
the vowels that should be inserted among these letters to render the words pro- 
nounceable. The words which I have mentioned above furnish us with some 
evidence on this point, and yet we find them vocalized differently in different 
Greek transcriptions. The name of the god of Thebes is written Apovy, Apev, 
and Awov. We may probably infer from this that the accent was on the first 
syllable, and that the second vowel was pronounced as we should pronounce that 
in the word Ammon. Other instances of discrepancy in the vowels cannot be 
explained in quite so satisfactory a manner; but still the data in question are of 
some use, shewing us, with more or less exactness, how the letters, in many 
words, should be vocalized. As to Greek transcriptions which are not royal 
names, nor of known Theban origin, I would dismiss them from consideration 
altogether. They are possibly—I may say probably—Greek corruptions of 
Egyptian words, which were themselves corruptions of the genuine words that 
they are supposed to represent. I will illustrate this by an example. The name 
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Méudus is a Greek corruption of Mev-vud, or Mev-vude; a termination being 
added, a short vowel omitted, and the labial nasal being substituted for the 
dental one, as more congenial to the labial, which was then made to follow it 
immediately. “Opus, which is given by Plutarch as an epithet of Osiris, is a 
similar corruption of Wov-vuds;, a W, to which the Greeks had no equivalent, 
being dropped, in addition to the preceding changes. But the word vud or 
vugdt, meaning “good,” is itself a corruption. The hieroglyphic word which it 
represents had a final R; and in a Theban transcription, in the fourth line of 
Mr. Grey’s Antigraph, we have this very name written Ov-vodpis. In other 
transcriptions, the latter element is written vedep. ‘The first vowel was pro- 
bably the natural one, already mentioned as occurring in the last syllable of 
Ammon, into which all unaccented vowels have a tendency to pass; and the 
accent was probably on the last syllable when the word stood alone, on the first 
syllable of the compound; ’/ér, Won-n' fer, Mén-n’fer. Now, what depen- 
dence can be placed on transcriptions which give for the last two words such misre- 
presentations as "Opgis and Meudis? As data for investigating the powers of 
the phonoglyphs, they are of no value whatever; and they are of very little 
value in determining their vocalization. 

The few transcriptions that we have in Hebrew characters are quite useless 
for the latter purpose, inasmuch as the Hebrew agrees with the Egyptian in 
omitting vowels. As to the former purpose, their use must be very limited. 
To say nothing of the difference in time between many of these transcriptions 
and the age of the papyri, it is probable that they all express the pronunciation 
of Lower Egypt, rather than of Thebes; they cannot, therefore, be much relied 
on, if in any case there be reason to suspect that the pronunciation of any letter 
was different in different parts of Egypt. Another objection to them is the cir- 
cumstance that seven of the Hebrew letters had a double power. The Masoretes 
have indicated the power which should be given to each letter in each case, 
according to their opinion, by the insertion or omission of Dagesh, or by the 
position of a diacritical point. There is, however, no reason to think that their 
opinion was a correct one. So far from that, the reflex evidence of these tran- 
scriptions shews that the Dagesh was inserted by them very improperly, and 
omitted by them equally so. The royal name, fig. 88, which they have pointed 
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as Apa, Is. xxxvii. 9, and which our translators have expressed by Tirhakah, 
was probably Tharaka, conformable to the transcription of the LXX., Gapaxa. 
The initial letter could not have been sounded as T, if it was expressed, as it 
apparently is, by a combination of T and H; nor should either of the two Ha’s 
be sounded, they being both representatives of the long A. The Masoretes 
have rightly pointed the latter as such, but our translators have expressed it in 
opposition to them, while they have also adopted their error in pointing the first 
He asa consonant. It is possible, indeed, that the true reading of the name was 
Tal’raka, the H being united with the R instead of with the T; but the ana- 
logy of Phrat (fig. 15) leads me to prefer the former reading. 

In Ez. xxx. 87, another Egyptian name occurs, np27y. Our translators 
(who neglected the change of sound of the Beth, indicated by the presence or 
absence of Dagesh) read this name P%-beseth, but the Theban pronunciation 
was probably Pi-Bast, and the Memphitic Fi-Bast, or perhaps Basth. The 
initial letter of the name of the goddess (fig. 89) was certainly B, and not V, 
as the absence of the dagesh would indicate. It is expressed by a combination 
of characters, which, taken singly, represented at Thebes W and P, and which 
were repeatedly used, as we shall see in the sequel, to represent B. The seat 
has here the power of S. The semicircle is T, and the lituus, its expletive. 
seems here inserted in order to shew that this was to be sounded in this instance 
as a letter, and was not a mere sign of the feminine gender. This is followed 
by the determinative sign for Egypt, already met with in fig. 78. The initial 
character is an ideoglyph ; it is to be sounded, as the small line indicates, as the 
name of a house, the article being prefixed ; and as that line marks it to be of 
the masculine gender, the article will be 5, sounded as with dagesh at Thebes, 
and without it at Memphis. The same element occurs in the name of pn‘5, 
“the house of Tom, Heroopolis,” and of PiAaz for Pi-Aak, probably “the house 
of the beginning.” ‘This word, when it signifies, as here, “a town” (as the cor- 
responding Hebrew Beth often does), was masculine ; otherwise it was feminine. 
The Coptic equivalent was HI, pronounced, I believe, yi; but the old Egyptian 
word may have been ?, as the transcription didae would indicate. The goddess 
Bast, after whom this city was named, is frequently mentioned in the Memphitic 
papyrus, Sallier, No. [V.; at Thebes she seems not to have been worshipped. 
Champollion and his followers have confounded her with the lion-headed goddess 
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of Memphis, who is also frequently named in this papyrus, and evidently as a dis- 
tinct goddess ; and on the strength of this false identification, they have miscalled 
the goddess of Memphis Pasht, Pakht, and Pekht. The true mode of reading 
this name, its meaning and relations, will be shewn in Part III. 

It might be thought, from what I have said, that I am disposed to reject 
these Hebrew transcriptions of Egyptian words as useless. In general, I do; but 
there is an exception, If the transcription contains any of the peculiar Hebrew 
letters, 7, 2, y» or Pp, it should be examined with a view to determine what 
Egyptian phonoglyphs correspond to these letters. We may fairly conclude 
that this Egyptian character had a similar sound in Lower Egypt, at the date of 
the transcription; and it is highly probable that it had the same sound at Thebes 
also, and that in all ages, until the language was corrupted by the influx of 
foreigners. If such transcriptions be not in themselves conclusive evidence as 
to the powers of these letters, they will, at any rate, greatly corroborate evidence 
to the same effect, drawn from transcriptions of the second sort; and where the 
two kinds of evidence agree, no evidence drawn from Greek transcriptions or 
Coptic derivations should be admitted to weigh against it. 

I will now mention the Hebrew transcriptions which contain any of these 
letters, and of which we know the hieroglyphic representatives. 

1. I begin with the word ys, which occurs as an element in the name 
Dd~y 7, Gen. xlvii. 11, and with the masculine article, 5, prefixed to it, in 
yqp71015, Gen. xli. 45, and in the corrupted name y45n, Jer. xliv. 30. Four 
of Kennicott’s MSS. read 7 for rm, at the commencement of this name, which is 
probably correct ; but this letter, whatever it be, should have been preceded by 
}, which has disappeared. The first element in the hieroglyphic name is a 
syllabic sign (fig. 90), which has the power of >}, Wah, which Herodotus 
represented by a single A, and later writers by Ova. The common element 
in these words is Ra, as it is commonly read (fig. 91), meaning “the sun,” 
which is generally accompanied by, and often replaced by, the disk (fig. 5). 
It would occur to any person ignorant of Coptic, and of the fanciful etymo- 
logies of Coptic scholars, that the same element appeared in the name 7y 5, 
the name given in the Old Testament to the King of Egypt. The > at 
the end is easily accounted for in the same manner as those in 7pm yn (fig. 
88); it represents the long vowel A. The name would then be, according 
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to the Theban pronunciation, Pra’a, the apostrophe indicating the peculiar 
compression which the Hebrews represented by y, and, as would appear from 
this transcription, the Egyptians by the arm. In Lower Egypt the P pro- 
bably became F, and the A passed into U, as in many other words; giving 
us Fra’u corresponding to the Papaw of the LXX. That this is the true 
etymology of this name, notwithstanding all that has been said to the con- 
trary, will appear from the name given to the King of Egypt, as such, in the 
Sallier papyrus, No. IV. (Pl. 165, 1. 6, et a/.), which I have copied in fig. 92. 
It consists of the letters which we have just seen corresponding to the Hebrew 
yn, preceded and followed by the swn’s disk, and enclosed in a royal cartouche ; 
after which are placed three characters, which, when combined, constitute a deter- 
minative sign which follows all names and titles of Egyptian kings. The first is 
the syllabic sign of the word Ankh, “life,” or “living ;” and the others are the 
initial letters of words signifymg ‘strength’ and “health.” They are alpha- 
betic characters, not syllabic signs; though, in this particular case, they have the 
appearance of the latter. The characters, then, signify “living in strength and 
health ;” but it would be improper to translate them, they being used as a mere 
determinative sign. Now, the name within the cartouche is used in this MS., 
which is a Memphitic one, precisely as Pharaoh is used in the Bible; and it 
cannot be reasonably doubted that it is the same word. In Theban MSS. this 
word is not found; it is there replaced by other signs, as in fig. 93, meaning 


> used for “the king.” In hieroglyphies, 


‘the palace,” or “‘the great house ;’ 
this title is sometimes found within a royal cartouche, as in fig. 94; but this is, 
I believe, first met with in the seventh age. There are persons who will con- 
sider it a sufficient reply to all this, that opo is the Coptic word for “a king ; 
and that, consequently, tiowvpo must be the origin of the Hebrew mys, although 
it is admitted that no instance can be produced in which a word corresponding 


” 


to this appears in hieroglyphics. With such inquirers I can have no feelings in 
common. 

2. The latter part of the name given to Joseph is my). It is highly pro- 
bable, if not quite certain, that this signifies “life,” the whole name meaning 
“the preserver of life.” The 5 represents the Egyptian masculine article, and 
the other three letters correspond to those in fig. 10. 
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3. The letters APAIN correspond to those in fig. 88, the additions to repre- 
sent vowels being in hollow types. 

4. The name pwiw, 1 Kings, xi. 40, is represented hieroglyphically, as in 
fig. 95. It contains a letter which is not represented in the Hebrew, but which 
appears in Manetho, according to Africanus, who gives Zeowyyx-ts. Eusebius 
makes the name Deowyxwors. 

5. The word inn, Gen. xli. 2, is admitted by the best lexicographers to be 
an Egyptian one. “ The meadow,” or “marshy ground” near the Nile is 
expressed as in fig. 96, Pap. Pl. 75, 1. 3. It is pretty evident that the two first 
letters of the Hebrew word correspond to the eagle and sreve. The duplication 
of these characters is irrelevant to our present inquiries, as is the meaning of the 
two determinative signs at the end. 

6. The only other Hebrew transcription of an Egyptian word which any one 
has pretended to identify is wD, Gen. xli. 45, which has been supposed to be 
equivalent to fig. 97, read Pete. This, however, is very questionable ; for, to say 
nothing of the vowels of the Hebrew word, which are thus left without any 
thing to represent them, I am not aware that there is any evidence that this element 
appeared in the formation of Egyptian names till at least 1500 years after the 
time of Joseph. The true equivalent of this element, and the resolution of 
ompnn, Jer. xlvi. 14, into its elements, are the chief desiderata in this class of 
data. 

The transcriptions of words in a foreign language in Egyptian phonoglyphs 
are far more valuable than those of Egyptian words in foreign characters. By 
help of transcriptions of Greek words made in the three last ages, the alphabet 
which we now have was formed, and it is by transcriptions of an earlier age that 
it must be completed and rectified. Transcriptions in records of the standard 
time and place are evidence of primary authority. It is no sound objection 
against them that the pronunciation of the original words in the foreign language 
is itself doubtful. A sufficient number of the words transcribed occurs in dif- 
ferent languages, to remove all force from this objection; for by comparing the 
words as they are differently represented in those languages, we may confidently 
infer their correct pronunciation. It may be said, indeed, that the pronuncia- 
tion of the words may have altered since the transcription into Egyptian was 
made, and before they were committed to writing in the foreign language. But 
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to this I answer, that the greater part of the words transcribed, of which we have 
any equivalents, are met with in the older books of the Hebrew Scriptures; and 
that the interval between the writing of these and the age of the papyri was not 
great. I answer, further, that the population of Syria, including the Holy Land, 
of the names of places in which many of these names are transcriptions, has 
always been peculiarly tenacious of old names. It is notorious that many towns 
and villages have the same names now as they had in the time of Joshua; and 
they must have had the same at the intermediate time when the transcriptions 
were made. But, it should be observed, I am not advocating the adoption of a 
hasty conclusion from scanty evidence. In order to ascertain the power of each 
phonoglyph, a variety of words in which it occurs should be examined; its dif- 
ferent equivalents, if such it have, should be considered, and a judgment formed 
as to which is most probable, both from the number of times that it appears to 
represent it, and from its capability of accounting in a satisfactory manner for the 
other representations of it. If there be any reasonable cause for doubt, other 
kinds of data should be, if possible, appealed to. It is not only the possible 
change of value of a foreign letter that may lead to mistake, and that must be, 
therefore, guarded against: we must recollect also that foreign letters may have 
had no phonoglyphs exactly representing them, and may, therefore, of necessity, 
have had to be represented either by a combination of phonoglyphs, or by such 
as expressed approximate sounds. Examples of the first method have been given 
m the names of the river Frat (fig. 15), of King Tharaka (fig. 88), and of the 
city of Pi-bast (fig. 89). As an example of the latter I give the word 513, 
“a castle,” transcribed as in fig. 98, Pl. 114, 1. 2. It will clearly appear here- 
after that the letters which represent ) and 7, in this word, had properly the 
force of K and T; and this is, to say the least, strong presumptive evidence that, 
in the age of the papyri at Thebes, no phonoglyphs had the powers of G and D. 
In this figure, and in those which follow it, the expletive characters are distin- 
guished by drawing them with broken outlines. The two last characters in the 
word, the conventional representations of a wa// and a house, are determinative 
signs. 

The foreign words, of which transcriptions are found in the papyri, are, first, 
Hebrew words, not being names of places, among which I include the names of 
two false deities worshipped within the limits of Canaan ; secondly, proper 
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names of places in Palestine; and thirdly, proper names of places out of Pales- 
tine. A few of these are not found in Hebrew at all; and it is obvious that, of 
those which are, the Hebrew spelling is much less to be depended on than in the 
case of words of the two former classes. As this is, in my opinion, the most 
important kind of data for determming the exact powers of the phonoglyphs 
that we possess, and as it has not hitherto been examined (for most of the words 
now given have been, for the first time, identified by me, in consequence of my 
discovery of the nature of expletives; and most of the others have been supposed 
to be spelled so improperly, in consequence of the expletives that appeared 
among their letters, that no dependence could be placed on them as transcrip- 
tions), I will produce the principal foreign words, of which transcriptions appear 
in the papyri or hieroglyphical texts of the same age, and of which I am able to give 
the transcriptions in Hebrew, Greek, or modern Arabic. I write a for the Hebrew 
n, 2 for y, and g for p. The Roman letters, which immediately follow the rete- 
rence to the place where the Egyptian word occurs, express its reading according 
to Chevalier Bunsen’s alphabet. I use x for his x, and sx for cx, the contraction of 
which he uses as a letter. The expletives are written ina smaller character than the 
other letters, and an e of the same size with the expletives, implies that a vowel has 
to be supplied. I express, by capital letters, twenty-one of the thirty-two letters 
of Chevalier Bunsen’s alphabet, and some of the letters used in place of them in 
certain syllables, as to the power of which I think that no doubt can be entertained. 
One of the remaining letters in the alphabet was not, so far as I am aware, in use 
in the age of the papyri. The powers of the other ten are open for further 
inquiry. 
Hebrew Words.—Not Names of Places. 


II.—1. dyna, Basal, Judg. vi. 25 [Phoen. 9y2, in comp. Bad, Bor]; fig. 
100, Pl. 26, 1.8. baRu. The expletive is, however, omitted at Karnac (at. 
Rameses II.), Ch. Gr. 495; and accordingly Chevalier Bunsen reads the name 
Bal. This ass-headed deity seems to have been identified by the Egyptians with 
their Set or Typhon. 

2. MaNwy, sashtoreth, 1 Kings, 1. 5, and sashtdroth, Judg. ii. 13 [ Phen. 
moanmvwy, Astarte, Cic. de Nat. Deor. 3, 23; Aovraprn, Luc. de Dea Syra; in 
comp. acrapt]; fig. 24, Pl. 87, 1. 4, aSTaRuTa. 
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3. MIND, mirkéveth, a chariot, Gen. xli. 43, fig. 12, Pl. 60, 1. 5, MaRu- 
KabuTa. 

4. 0», yam, the sea, Josh. xv. 5, et passim, fig. 14, Pl. 56, 1.1. TuMa. 

5. Sama, mighdal, a tower, Judg. viii. 9, and Mighdol, a town on the fron- 
tiers of Egypt, which grew up about the very castle spoken of in the papyrus as 
built by Seti IL, Jer. xliv. 1 [MaydoA-ov, Herod II. 159], fig. 98, Pl. 114, 
1,2. MaKTaRu. 

6. m1, B’rékhoth, springs, or tanks; in sing. 2 Sam. ii. 13 [%,, birket], 
fig. 102, Pl. 125, 1. 16, bPRuKabuTa. 

The three following occur as elements in the names of Syrian towns: 

7. M2, béth, a house, Judg. vil. 24, et passim [x bt; in Josephus and 
Byra]; fig. 99, Pl. 56, 1.8; and without the pair of leaves, 1. 5, bP1Ta, or 
bPeTa. In Burton’s Exc. Hier., 16 K, from Karnak, et. Rameses II., a bird, 
which Chevalier Bunsen calls a night-raven, is substituted for the flying crane in 


early Christian writers in comp. Bac@, BynO, and Bed; Bato-yaBpa, Ptol. ; 


this word, being preceded by the leg. Elsewhere, this bird alone is used to 
express the initial sound in this word, and I think I have seen it so within the 
age of the papyri, though I cannot now refer to the place. Compare IV. 8 
(fig. 114), where it so occurs in another word. This bird is sometimes replaced 
by one with a tuft at its breast, supposed to be a Numidian demoiselle; and 
each of these birds is sometimes preceded by a burning censer, as in fig. 109, 
which, whether alone or as a part of a proper name, should be read bi. Com- 
pare also fig. 115. 

8. 792, Kdfar, a village, Josh. xvii. 24 [Pheen. 753, #8, kefr, Kazrep- 
and Kadap-vaovp, in different MSS. of the New Testament; Kazap-xoria, 
Ptol.]; fig. 102, Pl. 56, 1. 3, KafiRu. 

Oo. Map, Qéreth, a town, Job, xxix. 7 [Phoen. Nap; Map, Qiryath, passim, 
wy 3, guryat, Carthago ; Kipra]; fig. 28, former part, kaRuTa. 

Some other words might be added, but I prefer confining myself at present 
to those of which the identification is obvious. I intend quoting others, in the 
third part, as evidence for the powers of some doubtful characters. 
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Names of Places in Palestine. 


I1I.—1. jy22, K’ndoan, Judg. iii. 1 [Pheen. jy23; Sept. Xavaav]; fig. 95 
Karnak, xt. Seti L, H. I. 5. No. 37, KaNaNa. 

2. 70N, whence MN, Ha-emor-i, 1 Sam. vii. 14; fig. 17, Pl. 96, 1. 3, 
oMaURu. 

3. $9229, L’vdndn, Josh. xii. 6 [u, libndn, AiBavos]; fig. 96, H.I. 5. 
No. 6, ReMeNeN. 

4, FIN, Timnd, Josh. xv. 57 [&5, ti’bneh]; fig. 73, Pl. 56, 1. 3, TaMN ? 
Mr. Birch reads the final character mehsi, in place of h, and suggests that the 
Nasimones are intended. 

5. WW, Tsidhon, Judg. i. 31 [Phon. 71x; le, ga’ida, Zedov-imv, Hom. 
Od. N. 285], fig. 105, Pl. 54,1. 8, tr....Na. The middle of the word is de- 
stroyed; but there can be no doubt as to the place intended, as the name occurs 
between IV. 8, and III. 6, being the order of the geographical position of the 
three cities. 

6. nar, Tsarpath, 1 Kings, xvii. 9 [x,0, eurafénd ; Zaperra, St. Luke ; 
LapepOa, Joseph.]; fig. 106, Pl. 54, 1. 8, taRuPuTa. 

7. 1%, Tsor, Josh. xix. 29 [Pheen. -¥; yc, guir ; Tup-os] ; fig. 107, Pl. 55, 
l. 1, taRu. 


Names of Places out of Palestine. 


1V.—1. Fn, Prath, 2 Sam. vii. 3; [Ev-par-ns, Her. I. 179; 3, 
Furdt]; fig. 15, Pl. 75, 1.7, PoHaRuTa. 

2. comm, Nahdrayim ; Syr. wicous, Nahrin, “the two rivers.” Hence 
the hieroglyphic name of Mesopotamia, the land of the two rivers, fig. 108, Pl. 
96, 1. 4, NaHaReNNa. The man touching his mouth, which follows the sylla- 
ble ReN, is the determinative sign proper to the word ran, pam, “a name.” 
Its insertion in this place was probably a mistake of the scribe: if not so, it is, at 
any rate, abusive ; see page 159. In H. I. 5, No. 51, the first four letters occur 
alone. Champollion, Gr.p. 150, cites two other forms of the word, NeHeRINaand 
NeHaRINa ; both, probably, from an inscription then at Karnak, now at Paris, 
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of the reign of Thothmos III. In other places in that inscription it is written 
with the determinative sign of water, the last character in fig. 15, before that of 
country. 

3. ayw, Shinoar, Gen. xiv. 1, [Zevvaap, LXX.; Ziyyapa, Dio; =~; 
Suyar]; fig. 110, Pl. 96, 1. 3, saNukaRu. In H.1. 5, No. 54, the word occurs 
without the second and fourth expletives. On the contrary, in an older inscrip- 
tion from Solab in Nubia, these are retained, while the first and third are 
omitted; and in the inscription of Thothmos III., just mentioned, the fourth 
expletive is alone found. The reed is occasionally substituted for the initial 
character. 

4. wxO31D, Karkh’mish, Is. x. 9 [Kepxnovov, Zos. i 3, girgisiya]; fig. 16, 
Pl. 27, 1. 6, ka RukaMasxa. 

5. Arupia, Dio, 68, 28; Arovpia, Strabo, 16; uel, athir, Abulfeda, who 
gives it as the name of an ancient city on the Tigris, fig. 111, Pl. 125, 1. 14, 
otURu. Perhaps we should read the double line, which would be the expletive 
of the hand, for the lituws. I believe, however, the latter was intended. The 
papyrus is here damaged. At Karnak, in this age, according to Sir G. Wilkin- 
son, it is written without any character in this place, and without the last exple- 
tive. Ina later inscription at Karnak (zt. Shishonk I.), the dowble line is used 
after the hand, and the lion replaces the mouth. The name which occurs in the 
first kind of Cuneatic writing, and which I have represented in fig. 112, may 
represent either this name or the following, if, indeed, they be not identical. 
The power of the second Cuneatic letter is in dispute. Beer, the best authority, 
represents it by ¢; it had probably the sound of our s in pleasure.* The other 
characters are A-URA. 

6. Ww, Ashiir, Numb. xxiv. 22 [Acovp-ia, Herod. I. 194, Ptol.] In PI. 
57, |. 6, a poetical address to the King of Egypt contains this passage: «* Thy 
name is exalted as that of kataRuNul (or, by analogy of other transcriptions, 
yp), the chief of OsaRu (fig. 113). 

7. abn, Xelv-on, Ez. xxvii. 18 [XaAvB-ov, Strabo; —l>, Xdlab]; fig. 19, 
Pl. 27, 1. 6, X1Rubu ; compare also fig. 21, Pl. 97, 1. 1, Xaru. 


* I am now (January, 1847) satisfied that Jacquet’s value of this letter, th, is the true one. 
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8. Bypur-os, Strabo, xvi. 2; cy, Berit, fig. 114, Pl. 54, 1. 8, baRuTa. 
In H. I. 5, No. 65, a name occurs which is possibly a variation of this, fig. 115, 
bi-RUT. I give the two initial characters, which do not occur in the Chevalier’s 
alphabet, the value indicated under II. 7. 

9. wid, Kush, Gen. x. 7; Xovo-os, Jos. Arch. i. 6, 2, where he says that 
this was the name given in his time to the country south of Egypt, figs. 23, 26, 
27, Kesx, Kasx, Kesxr. 

10. I will now give an identification that requires some explanation. The 
country west of Egypt is always called in Egyptian inscriptions that of the Bows, 
or the Nine Bows. Now, “a bow’ is expressed phonetically (though I have 
never seen it so in reference to the name of this country) as in fig. 116, Burt. 
E. H. 47, from Karnac (at. Rameses II.), Pet. The Coptic equivalent is tut. I 
identify this Egyptian word with 35, Gen. x. 6, which Josephus asserts to be 
Libya, and which the LXX. have so translated. 

11. The name of the country from which the Egyptians imported frankin- 
cense and balsams is given, fig. 117, Pl. 96, 1. 2. O-Rusa. Now, the name of 
the people about the port, now called Yembo, in Arabia, is stated by Ptolemy to 
be the "Apo. 

12. I conclude with the name of a people which might have been placed in 
the preceding division. It is given by Champollion, p. 180, from Medinet Abu 
(zt. Rameses III), fig. 118, PuRusaTa. In an inscription given by Burton, 
E. H. 43, col. 1, a pair of leaves, I., is apparently added to the name as here 
given. I identify this with the »mwp, Plishti, of 1 Sam. xvii. 4, et al.: 
[PudAvore-eu, LXX.; Madaori-vor, Jos. Arch. v. 1, 18.] 

I come now to consider the third class of data, namely, the various modes 
in which the same Egyptian word is represented by phonoglyphs. These data 
are very valuable to a certain extent. When a word or termination is variously 
written phonetically, the characters which are interchanged must have had the 
same powers ; and where interchanges of this kind occur in a number of words, 
no stronger evidence of the equivalence of the characters can be required. But 
the number of characters which are interchanged in this manner is very limited. 
The quail and the /ituus (fig. 29), the purse and the character resembling a 
sugar-tongs (figs. 24, 25), the chair-back and broken line (fig. 119), both 
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used from the earliest period to express the pronoun feminine singular, and 
the prefix forming causative verbs; the ow/ and half arch (fig. 120), used for 
the prepositions “in, by ;” and the waved line and under crown (fig. 121); are 
the only ones which can be said to be habitually interchanged in the age of the 
papyri: a few other occasional interchanges will be noticed in the following part. 
In general, the Egyptian scribes had one standard mode of writing each word, 
from which it was an error to deviate, except so far as was required in order to 
alter the grouping of the characters, in passing from horizontal to vertical writing, 
and vice versd ; and for this purpose the interchanges already mentioned were 
sufficient. In the use of words which contained syllabic signs, and in words of 
rare occurrence, the mode of writing was more liable to be changed; but even 
here variations in respect to the completion of the syllabic signs, the introduction 
of expletives, and the ideoglyphs which accompany the phonoglyphs, are much 
more frequent than substitutions of one phonoglyph for another. And, while I 
do not deny that these substitutions, where they do occur, may be good evidence 
of the equivalence of characters, I must protest against the rash use of them as 
evidence, which has been made and recommended by former writers. It has 
been assumed that whatever came from the hand of an Egyptian scribe was cor- 
rect ; and, consequently, that if a word was found written in two or more dif- 
ferent ways, they were equally proper; and, so far as they consist of phonetic 
characters, must represent the same sounds. An attentive examination, how- 
ever, will soon satisfy any one that the Egyptian scribes were very care- 
less copyists. Even m manuscripts intended for the use of the living, as the 
Sallier and Anastasi papyri, great mistakes were committed. The second in the 
former collection, and the seventh in the latter, were transcribed by the same 
person from the same original, being a collection of ancient poems; the former 
in Tybi of the first year, the latter in Paoni of the sixth year of Seti II.; yet 
they differ in a vast number of places. Sometimes one MS. omits a line, or a 
portion of one, which the other retains, as in Pl. 17, 1.53; 20, 1.8; 134, 1.3; 
sometimes one of them inserts a character improperly, as in Pl. 16, 1. 3, where a 
rather remarkable character, having the power of the Hebrew n, is introduced 
between two words. The eye of the scribe had been caught with it a little fur- 
ther on in the line, and when he had once written it he was unwilling to blot it 
out. Erasures seldom or never occur in the MSS.: hence, it is not improbable 
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that, in some of the cases where one of the MSS. contains a line that is wanting 
in the other, it was improperly added rather than improperly omitted. In such 
instances as these, no one can doubt that in the transcription of, at least, one of 
the MSS. errors have been committed. Is it not reasonable, then, to infer that, 
in the instances in which words appear to be differently spelled in the two MSS., 
this difference resulted, like the other, from error ? 

But if the Egyptian scribes were careless in what they wrote for the living, 
can we wonder at their being so when they wrote the funeral MSS., which they 
never expected would be read at all? Yet it is on the comparison of these 
MSS. with one another, assuming that the differences which appear in them are 
legitimate variations of the same forms, that many persons seem to rely, as the 
surest mode of ascertaining the values of those phonoglyphs, which do not appear 
in Greek and Roman proper names. It is, perhaps, not to be wondered at, that 
this method should have been recommended by Champollion, when the know- 
ledge of hieroglyphics was yet in its infancy; but after its having been tried by 
him and Salvolini, and after observing the numerous and ridiculous errors into 
which the last of these writers was led by it, it is truly wonderful that Chevalier 
Bunsen should still recommend it as the best mode of investigation. In addition 
to all the sources of error to which other transcriptions are subject, those of the 
funeral MSS. were peculiarly liable to be faulty from two distinct causes of 
error that affected them, as well as from that carelessness to which I have already 
adverted, arising from their not being expected to be read, and their being, con- 
sequently, committed to the most ignorant scribes. One of these causes is, that 
the papyrus was sometimes written in hieroglyphics, but was copied from a hiero- 
graphic original. This was the case with the Turin MS., of which Dr. Lepsius 
has published a copy, as with many others. If characters resemble one another 
in their hierographic forms, the transcriber might write the hieroglyphic equiva- 
lent of one in place of that of the other ; and thus a hieroglyph may be substituted 
for another to which it has no resemblance at all. As examples of this, I refer to 
Ch. 109, ce. 10, of the Todtenbuch, where the character, fig. 122 a, is written in 
place of 123 a. It has no resemblance at all to it ; but the hierographic charac- 
ters corresponding to the two (figs. 122 b, 123 b) are very liable to be con- 
founded. So, in the same plate, Ch. 110, c. 12, we have Spr for Spt, a mis- 
take occasioned by the resemblance of ¢ and 7 in their hierographic forms, which 
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I have already noticed. Mistakes of this sort are very numerous, but so are 
also those which arise from confounding two similar hieroglyphic characters, so 
that it would appear as if this manuscript was immediately copied from a hiero- 
glyphic one, but that the mediate or immediate original of the latter was hiero- 
graphic. As the published edition is, however, not a fac simile, but a copy 
made by the eye, and corrected by Dr. Lepsius, it is probable that some of these 
errors are to be attributed to the European, and not to the Egyptian copyist. 
Indeed it is admitted, at the end of the preface, that some errors in the text are 
of this description, though others are pointed out as being positively in the ori- 
ginal. The mistakes in the text of the Todtenbuch, as published, amount to 
many hundreds; I may say thousands. The principal hieroglyphical manu- 
script in the library of Trinity College, Dublin, is, beyond all comparison, more 
correct; but, no doubt, a still more accurate text could be obtained by a critical 
comparison of a number of MSS. But, considering the worthlessness, in every 
point of view, of the contents of the work, the greater part of which was probably 
composed in the eighth or ninth age, it is scarcely desirable that a critical edition 
of it should extend beyond a few select chapters. 

The other special cause, to which I alluded, of inaccuracy in funeral MSS., is, 
that a MS. intended for a female had often to be taken from an original which 
was written for a male, and wice versd; and such was the gross ignorance of the 
scribes to whom was intrusted the task of writing the many thousand MSS. of 
this kind which were required every year for the market, that great errors were 
thus introduced into the text. The changes which, in general, were required, 
were those of the personal pronouns & and f (fig. 125), which referred to the 
second and third persons masculine singular, into ¢ and s (fig. 124), which 
referred to the same persons feminine. But the scribes sometimes made these 
changes in the letters & and f, when not pronouns, but constituent parts of 
words. Thus, I have seen KaKU1, “ darkness’ (fig. 126), perverted into 
TaTU (fig. 127), and sxafT (fig. 128), a word which seems etymologically con- 
nected with “sheep” and “shape,” whence the Creator or Shaper was repre- 
sented as a sheep, has been corrupted into sxaSsxaS (fig. 129), the blundering 
scribe not only substituting the s for the f£ but writing the first syllable twice 
over, under the impression that the ¢, which was probably written in his original 
instead of ¢, was a mark of duplication, as it sometimes is. It is unnecessary 
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to adduce other instances of the ignorance or carelessness of these scribes. In 
the construction of the alphabet I reject altogether any assistance that may be 
derived from collating copies of the Todtenbuch. While I make what use I 
fairly can of such interchanges of letters as I observe to have been made in 
Theban texts of the age of the papyri, or in these texts as compared with those 
of an earlier period, or even a later one, if they appear correctly written, I do 
not trouble myself with the manner in which words may be found spelled in 
manuscripts written with carelessness, no one knows in what age, or in what part 
of Egypt, but all probably subsequent to the Grecian conquest. Dr. Lepsius, 
with that prejudice in favour of the Turin MS. which is natural to its editor, 
imagines it to be of the age of the eighteenth dynasty! To me the only ques- 
tion is, whether it was written in Greek or in Roman times. It cannot, I think, 
be earlier than the second century B. C. 

Before I quit the subject of interchanges, I would offer two additional 
remarks. One is, that the fact of two letters not being interchanged, when they 
resemble one another in form to such a degree that they could be similarly 
grouped, is presumptive evidence (though, I admit, not conclusive) of their not 
being equivalent. Thus, the first and fourth characters, omitting expletives, in 
fig. 106, are capable of being similarly grouped, but they are never interchanged _ 
This affords a presumption that they have not both the power of T, as Chevalier 
Bunsen supposed ; and this presumption is strengthened by the fact that the 
Hebrew transcription is MHA¥, and not MA aM. Other instances will be given 
in the following part. 

My other remark is, that a mistake, even a gross one, committed by a scribe, 
if it were the result of his copying by the ear, and not the eye, may be good 
evidence of the value of a character, or the proper mode of vocalizing a word. 
Thus, in the Anastasi papyrus, No. 7, Pl. 137, 1. 9, the word saxt, “to catch,” 
or “ entrap,” is written as in fig. 75 (at least, so far as the phonoglyphs are con- 
cerned), in place of the past participle of the verb “to write,” as in fig. 130, 
which occurs in the corresponding passage of the Sallier MS. No. 2, Pl. 23, |. 1. 
From this we may infer, not only that the two forms of X which occur in these 
words are equivalent, but that the participle was read SaXuT or SaXT, and 
not SxaTU, the eagle and quail being bothexpletives. This accords with what 
J inferred in the first part, respecting the form of this past participle, from a 
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totally different consideration. Again, in Pl. 136, 1. 7, we have the word repre- 
sented in fig. 131; while, in the corresponding place of the other MS., Pl. 22, 
|. 3, we have the two characters in fig. 132. In this instance, as in the former, 
while there is no resemblance between the characters substituted and those which 
they replaced, there is a resemblance between the sounds which they expressed ; 
MeRi, “loving,” and M-IRI, “in the eye,” must have been pronounced nearly 


alike. 
I now come to the fourth class of data,—comparisons of Egyptian words, 


expressed by phonetic characters, with corresponding words in kindred lan- 
guages. The language on which most reliance has been heretofore placed is the 
Coptic, which is a descendant from the old Egyptian language of the age of the 
papyri, though in aremote degree. It appears, however, that, from the influx of 
foreign words, and the change of ideas attendant on the conversion of the people 
to Christianity, much of it has been lost ; and much of the remainder was so greatly 
changed in the thirteen or fourteen centuries which elapsed between the writing 
of the papyri and the introduction of the Coptic alphabet in place of the hiero- 
glyphic characters, that very little reliance can be placed on the Coptic equiva- 
lents of the old words for determining the true powers of the letters which com- 
posed the latter. Not to speak of the vowels, which are written in Coptic words 
with little or no regard to any rule, many of the consonants in the old language 
have two or more different Coptic letters which occasionally represent them ; 
while many Coptic letters are found to correspond to several hieroglyphic cha- 
racters, which it is difficult to suppose were all equivalent. The seve and its 
homophones are, as already observed, generally represented by gw, equivalent to 
our SH; but they are also represented by g,, that is, our H, and in the Mem- 
phitic dialect by J, supposed to correspond to the Hebrew n. That this last 
was the true power of the sieve appears not only from the consideration of the 
above three representations, the last of them being the only one from which the 
others would be likely to be derived, but also from the transcriptions of Egyp- 
tian words in Hebrew characters, and of Hebrew or Pheenician words in Egyptian 
characters. But, this being admitted, a question arises,—in all the Egyptian 
words, in the Coptic equivalents of which the gg occurs, are the phonoglyphs 
which correspond to this letter equivalent to the sieve? To say nothing of 
words in which it appears to correspond to characters which are supposed to have 
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the power of K, is it certain that there was no letter in the old Egyptian alpha- 
bet which had the power of SH, or of the combination SKH, which might 
easily be softened into SH? And if there was such a letter, is it not likely 
that its equivalents would be represented in Coptic words by the gj, as well as 
those of the sieve ? Similar questions might be raised respecting other letters. 
Egyptian words which contain the basin and its known homophones have in its 
place at least four Coptic letters, K, 5¢, X, and G, the two last being apparently 
the values of our J and CH. The corruption of the sound of k into this last 
sound is a well-known one, of which there are abundant instances in our own 
language, as well as in Italian. Thus, “ church” is from kuptaky 3 “chin” from the 
Gothic kinn-us, &c. &c. But the question arises as before,—Were all the 
Egyptian phonoglyphs which passed into the Coptic @ equivalent to the basin ? 
May not some of them have themselves had the power of our CH, or may not 
others of them have had the power of the Hebrew p, as distinguished from 3 ? 
These are points on which no comparisons of Egpytian and Coptic words can 
give us any information. And these comparisons will alike fail us, if we seek to 
ascertain whether the old Egyptians had any letters in their alphabet corre- 
sponding to the Hebrew (the hamzeh, as distinguished from the vowel that 
may accompany it), the y, in either of its two powers, or that modification of the 
dental mute which the Arabs represent by a b, as the Hebrews probably did by 
at. The Copts had no equivalent to any of these letters ; but though this may 
be considered as presumptive evidence that in the second and third century after 
Christ the Egyptians had no such letters, we have no right to presume that they 
had them not in the old times, before the country was conquered by foreigners. 
The chief use, then, of the Coptic equivalents of Egyptian words, in reference to our 
present object, is to determine which of the two values of an ambiguous Hebrew 
letter corresponded to the phonoglyphs by which it was transcribed ; for the dis- 
tinctions which the Masoretes make by dagesh and the diacritical pots are made 
without adequate grounds, and often erroneously; and I may say it is chiefly m 
respect to the one letter w that they are of any use to us, for, with respect to 
the dageshed letters, we possess Greek transcriptions distinguishing the two 
sounds, made three or four hundred years before the Coptic letters came into 
use, and which, of course, are much more to be depended on than any thing 
written in these letters can be. The Greeks had, however, but one character 
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by which to describe both S and SH; and we are, therefore, necessarily depen- 
dent on the Coptic for the distinction of these letters, unless, indeed, an Egyp- 
tian letter should be found to correspond with p as well as with w. All this is 
on the supposition that the old Egyptians had a letter in their alphabet corres- 
ponding to our SH, which, however, is a matter for after investigation. That 
they had such a letter in the Roman, and probably in the Greek age, is obvious, 
for their q is derived from it; but it is another question whether they had any 
such character in the age of the papyri. 

The Hebrew words which have equivalent Egyptian ones etymologically 
connected with them are not numerous. There are some, however, as to which 
no doubt can reasonably be entertained; and some of these may be adduced as 
evidence to prove the powers of particular phonoglyphs, in conjunction with 
Egyptian transcriptions of Hebrew words, and Hebrew transcriptions of Egyptian 
ones. It is unnecessary, however, to make out any list of such words. 

There are many Egyptian words etymologically connected with Indo-Ger- 
manic ones of the same or similar meaning ; and this fact may possibly be useful 
in ascertaining the exact powers of some doubtful characters. Suppose, for 
example, that a series of Egyptian words, commencing with the same phono- 
glyphs, or with such as have been proved to be equivalent, are found to cor- 
respond with words of a given Indo-Germanic language, suppose the Latin, 
all of which begin with the same letter; suppose that another series be found 
to correspond to words beginning with a different Latin letter; and suppose 
that a character, the exact value of which is unknown, but is ascertained to be 
one of these two, commences a word of which the Latin equivalent is known ; 
we may safely pronounce the unknown character to belong to that set of 
phonoglyphs to which the initial letter of the corresponding Latin word was 
previously observed to correspond. Or if two phonoglyphs be observed to cor- 
respond to different Latin iitial letters (or even medial or final, though these 
are less to be depended on than initials), we may safely infer that they are 
not truly equivalent, though they may, perhaps, be represented by the same 
Coptic letter. 

It is not necessary that all the words of the series be found in the same Indo- 
Germanic language. The law of the initial mutes, discovered by Grimm, ena- 
bles us to transfer an equivalent word in one of these languages to another. 
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Thus, e. g., if an Egyptian phonoglyph be found to correspond to P at the 
beginning of Latin words, and if a corresponding word be observed in the old 
German, which begins with F or V, but which has no equivalent in Latin, we 
are entitled to transfer this word to the Latin list of words beginning with P: 
on the contrary, a Gothic or old German word beginning with P itself would 
not be entitled to rank with Latin words beginning with P. 

Such is the general principle on which the use of Indo-Germanic equiva- 
lents, as aids to determine the powers of Egyptian phonoglyphs, is grounded. 
The applications of it will not be numerous, yet it will be applied; and I have, 
therefore, thought it right to lay it down here among the other principles which 
are available to our present purpose. I now proceed to apply these principles to 
the determination of the Egyptian alphabet, as it existed at Thebes in the age of 
the papyri. 


PART IUILA—POWERS OF THE EGYPTIAN PHONOGLYPHS. 


The order in which I intend to consider the characters is this: I take as my 
groundwork the alphabet of Chevalier Bunsen, which contains thirty-two letters. 
I have already said that I consider the values which he assigned to twenty-one of 
these to be certain. I will first consider these, but very briefly, stating the ear- 
liest use of each character that I have observed, and mentioning its proper exple- 
tive: I will then proceed to the other eleven characters in the Chevalier’s 
alphabet, which require to be considered with more attention, as their true values 
admit of dispute : and lastly, I will mention the alphabetic characters in use in 
the period I have chosen for the standard, which do not appear in his alphabet at 
all, or which are improperly placed among the syllabic characters, or the letters 
of late introduction. 

1. A pair of leaves (I. 1; i. 1) with the qual for its expletive, as in figs. 
14, 19, was used in the first age (L. 8, C. D.) Its value is determined to be 
I or Y, by transcriptions II. 4 and 7, and, as secondary evidence, figs. 20, 61. 

2. A pair of oblique lines (I. 2; i. 2) had the same value as the preceding, 
with which it is occasionally interchanged, and the same expletive. Its original 
use seems to have been as an ideograph for “ two,” or ‘‘ twice,” implying some- 
times that the letter or syllable preceding it should be read twice. The corres- 
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ponding word was, in the old language, ¢wz or #z (figs. 60, 58), and the latter, 
for which two semicircles were sometimes used, was employed to express the 
syllable ¢i in the third period, chiefly in those words where the semicircle t was 
alone used in the earlier ages. In the fourth period this character was used to 
express I in the other syllables. I have first observed it so used in the name of 
Queen aliMeS-NefeR-aRI, at the beginning of the eighteenth dynasty. It is 
rarely used except in short syllables, where in earlier ages the vowel was omitted, 
and as an expletive. 

3. A quail or chicken (U. 1), has the pair of oblique lines for its expletive ; 
it was used in the first age, being found in the royal name in the great pyramid. 
It is proved to have the power of U or W, from the Coptic equivalents of the 
words which it commences, such as owguop, UHeR, a dog; owswaj&, Usxeb, to 
answer; ovsoemt, UbeN, to shine. It is also the formative of the plural num- 
ber; and this, in Coptic, generally terminates in 0%, ows, H%, or the like, the 
last being a contraction for How. Its proper hierographic equivalent is u. 1, 
formed from it as m.1 from M.1; and this takes the corresponding expletive. 
With this is habitually interchanged u. 2, which cannot be well referred to any 
other hieroglyphic character, and which never takes the expletive after it, and 
may, therefore, include it. I suppose it to be formed, as in fig. 133, from a 
quail, with its legs turned up, as those of the eagle and ow/ sometimes are. 
Whether this letter had ever the power of V will be considered hereafter. 

4. A ball of thread, or lituus, as some have called it (U. 2), is habitually 
interchanged with the gwaz/ in hieroglyphic texts of the age of the papyri, and 
had the same expletive, It had no distinct hierographic character. Chevalier 
Bunsen says that it was not used at all in the old kingdom; but it occurs on a 
stele of Osortasen I. in the British Museum, E. I. 80, 5, in two different words 
in the line. 

5. A square mat (P. 1; p. 1), used in the first age (tomb of Teta), and 
having the quail for its expletive, is shewn to have had the power of P, by the 
transcriptions III. 6; IV. 1 and 12: see also figs. 20 and 62. 

6. An owl (M. 1; m. 1), also used on the tomb of Teta, takes the arm for 
its expletive, and is proved to have had the power of M by transcriptions II. 3, 4, 
5; IV. 4. 

7. A sickle (M. 2; m. 2) is used on the same tomb, and takes the eagle for 
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its expletive. Its value is determined by the Coptic equivalents of the words of 
which it forms a part; as 22e, Ma, truth; 2eo~e, MaUI, brightness. 

8. A half arch, as Dr. Young called it, or the frame of a boat, as Chevalier 
Bunsen considers it to be (M. 3; m. 3), was habitually interchanged with the 
owl in hieroglyphic texts of the age of the papyri, and has there the same exple- 
tive, the arm. It was used as a letter unquestionably in the beginning of the 
fourth age (tomb at Kurna, L. 11). Under the twelfth dynasty I have only met 
with it once (E. I. 19. 2), between the /eaf and the ovw/ ; and it is only in a like 
position that it occurs in the papyri, unless when marked as ideographic by the 
vertical line following it. It is a question, therefore, whether it was not origi- 
nally a syllabic sign for aM. It is, however, common in hieroglyphics to place 
together two homophones, rather than two like characters, to express a doubled 
letter at the end of a word. See No. 13, infra. 

9. A waved line (N. 1; n. 1), with the eagle for its expletive (sometimes 
replaced by three vertical lines, implying that the waved line should be thrice 
repeated, by which the ideograph of water, Va, was formed), represents N, as 
the transcriptions IIT. 1, 3; IV. 2, 3, shew. It was used in the first age, on the 
tomb of Teta. 

10. A vase of water (N. 2; n. 2) was homophonous with the preceding, 
but was properly used in a different set of words. This propriety of spelling 
is, however, sometimes violated, and thus the characters are abusively inter- 
changed; e. g. the pronoun “I,” Coptic amok, was properly written with N. 2; 
but Champollion quotes it written with N.1, in a Theban inscription of the 
standard age (Gr. p. 251). It was thus confounded with the preposition and 
affix *‘to thee.” In like manner the vague possessive article after plural nouns 
was properly written with N. 2, followed by a vertical line, denoting its being to 
be pronounced as if it was an ideograph, 7. e. as Va, “water ;” but in one of the 
papyri (Pl. 16, 1.5) the waved line and eagle are twice substituted for this, 
which would be properly the definite article before a plural noun. ‘That it could 
not have been intended for that here is evident from one of the nouns which 
follows it being a feminine singular. The expletive of this character is the 
quail, and in lieu of adding this the character was sometimes trebled. This cha- 
racter is found on the coffin of Menkare in the first age, and there is no reason 
for doubting that it was there used as a letter. 
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11. An wnder-crown, the lower part of the yxevt (N. 3), is habitually imter- 
changed with the waved line in the hieroglyphic texts of the age of the papyri. 
It had the eagle for its expletive. I have never seen it in any text older than 
the fourth age; but Chevalier Bunsen says “in the twelfth dynasty only as a pre- 
position (Mag. Louvre).” The corresponding hierograph was only used ideo- 
graphically. 

12. A mouth (R. 1; r. 1), used on the tomb of Teta in the first age, appears 
to have had the power of Rin I. 1, 3; II. 2, 3, 6, 8,9; IIL 2, 6, 7; IV. 1, 2, 
3, 4, 8, 115 while it had that of L in II. 1, 5; IIL 3; IV. 12. These sounds 
seem not to have been distinguished at Thebes in the age of the papyri. Its 
most usual expletive was the vertical line, indicating that it should be pronounced 
as the word signifying “ mouth,” in Coptic, po, This is sometimes, I think, 
replaced by the deaf, as in the syllable TRa (fig. 77), which occurs frequently, 
and has commonly, in the MSS., a palm branch after it as a determinative of 
sound. I have already referred to this syllable in the first part. That it was pro- 
nounced ‘TeR, the leaf at the end being omitted, appears from two considera- 
tions, in addition to what have been already adduced. The name of sucha branch 
was, in Coptic, Tap; and the Greek transcription of a word in which this 
syllable is known to be final occurs in Mr. Gray’s antigraph in the British 
Museum, ApovpacovOnp. There is a character like i. 2 frequently written 
over the hierographic form of this letter, when attended by its expletive (see fig. 
11), but it is merely used to fill the void space. 

13. A lion (R. 2; r. 2) is used in several words on monuments of this age, which 
in earlier times were written with the mowth ; frequently both characters occur, 
but when they do, but one should be sounded. The use of the double letter 
appears to be to mark that the word was terminated, and, if it had more than 
one syllable, that the last was accented. Words very often terminate with N. 1, 
followed by N. 2, frequently attended by its expletive, as UteNNu (fig. 134), 
to be pronounced without the last expletive. Champollion thought that this was 
peculiar to words ending in N, and that it marked it as to have a nasal sound. 
But we meet with the same in the case of other letters, as SaXX (fig. 135), 
from E. I. 86, 9, one of the earliest steles of the twelfth dynasty ; aMM, already 
mentioned under No. 8; and MasxeRRov, Pap. Pl. 15, 1. 7 (fig. 136). That 
the two Rs in this word are equivalent to but one letter, and that an R, not an 

242 


188 Rev. Epwarp Hincxs on the Number, Names, and Powers 


L, is proved by the form of the Hebrew word which corresponds, namely, 7Mwv, 
Mishxdr (Ps. cx. 3). Both the Hebrew and the Egyptian word signify “the 
dawn of the morning.” This letter had for its usual expletive the vertical line ; 
but in place of that we have here the quail. The name of the lion, then, was 
expressed by the mouth or lion, and the quail, RU, sounded probably LeW or 
LeV, and connected with the Greek AeF-wv, Bohemian lew, German Liéwe, and 
with the Hebrew x15. Champollion gives the name, with a /eg, in place of the 
quail, which will be worthy of notice when we come to consider the power of 
that character. The /éon seems to have been first used as phonetic in the fourth 
age, and it had at first apparently a syllabic power. In the reign of Thothmes 
III. I have only met with it in the word XaLeV, fig. 21. 

14. A bent line, apparently a chair back (S. 13s. 1), expresses S. That it 
had this power, and not that of SH, is proved by its being represented by the 
Hebrew 0, as well as by w, as in DDMyn, and, at a later period, in 078, Persia. 
It is used in the first age on the tomb of Teta, and has for its expletive the semé- 
circle, No. 17. 

15. A broken line (S. 2; s. 2) is habitually interchanged with the preceding 
character ; it has the same expletive, and is used on the same tomb. 

16. The bent rope, resembling a sugar tongs (T. 1; t. 1), has for its exple- 
tive the quail, and is used on the same tomb. Its power appears from the tran- 
scription IT. 2, fig. 25, and from its being habitually mterchanged with the purse, 
which appears from the Greek transcriptions, IV. 1, 8, 12, to have had the 
power of T. The Coptic form of the feminine article, and of the affix of the 
second person plural, as well as of several other words, shew that this letter was 
T, and not TH, though in Greek transcriptions of the Ptolemaic period it was 
frequently expressed by 0. : 

17. A semicircle (T. 2, t. 2) is interchanged with the preceding in the affix 
of the second person plural, the demonstrative pronoun feminine, and the parti- 
cipial afformative ; it must, therefore, have had the same power. ‘This character 
is, however, not always phonetic. It is sometimes a sign of the feminine 
gender, which is not to be pronounced. But it must not be supposed that it is 
always so at the end of words; it may sometimes be a phonetic formative of the 
feminine gender ; and it is certainly to be sounded as an afformative of verbs, 
constituting the infinitive mood or noun of action, and also the noun expressing 
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the agent. In this last case, if not in the others also, the vowel I is to be 
sounded after it ; and, though not expressed in the first age, it began to be so in 
the latter part of the second, either by the addition of the éwo oblique lines 
(I. 2), or by the duplication of the semicircle. The latter mode is, however, 
ambiguous. On the tomb of Teta the doubled semicircle occurs ; but the second 
one is here a sign or formative of the feminine gender, not an equivalent for 
the vowel I. In the titles of Amenemhe I. (B. E. H. 10, 3), three semicircles 
are used to express the vowel U (fig. 137), as in a subsequent part of this in- 
cription two semicircles appear to be used for I. The word here represented is 
elsewhere written as in fig. 138. This inscription is from the Cosseir Raad, 
and was probably the work of some ignorant person. A semicircle, followed 
by three small lines, equivalent to three semicircles, is elsewhere used for TU, 
as the two semicircles are for TI: but the addition of another semicircle seems 
unjustifiable. The expletive of this character was the quail ; and it is used, 
both as an ideoglyph and a phonoglyph, on the tomb of Teta. 

18. A twisted rope (H. 1; h. 1), represents H, as appears from the Coptic 
equivalents to the words in which it occurs, and from the circumstance of its 
being passed over in Greek transcriptions, as in ”A-poows, ’A-mpins, Nexrav- 
eBns, all which names are written hieroglyphically with this character in the 
middle. Had it been a stronger aspirate than the H, it would have been 
expressed by the Greek x ; and had it been a hamza, or smooth breathing, it 
would have been omitted in the Coptic ; whereas it appears in 009, the moon, 
aaH ; €9,€, a cow, eH; coovg,e, an egg, SUH; Tag,T, lead, teHT1; 9,Ruvc, 
clothing, HbS, &. The expletive of this character is the gual, and it is used 
in the first age, on the tomb that has been so often mentioned. 

19. A plan of a house (H. 2; h. 2) also represents H. This appears from 
its use in the transcriptions IV. 1, 2, and at a later age, fig. 20; also from com- 
paring HebNI, ebony, which begins with this letter, with the Hebrew jan; and 
RUHa, fig. 36, with the Coptic powg,e, evening. This character is rarely 
interchanged with the preceding, being appropriated by usage to distinct words, 
as we have seen that N. 1 and N. 2 were ; sometimes, however, it is interchanged 
with it, as in figs. 36 and 37, and it must have had the same power. Its exple- 
tive was the eagle, and it was used in the first age, on the tomb of Teta. 

20. A basin (K. 1; k. 1), used on the coffin of Menkare, in the first age, 
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expressed K. That it corresponded to the Hebrew > appears from transcrip- 
tions II. 3, 6, 8; III. 1; IV. 9; as well as from the correspondence of the prono- 
minal affix, which this letter represents, with the Hebrew 7 ; and of the pronoun 
of the first person, aNeK, with the Hebrew .23N. That it represented the hard 
sound of this letter when dageshed may be inferred from its being used to express 
the Hebrew ) in transcription II. 5, which a letter with the power of kh could 
scarcely be; from its being used to express the first letter of the name of the 
Persian king KauBvons ; and from the transcriptions which Herodotus gives of 
the names of Egyptian kings, in which it, or a known homophone of it, occurs, 
viz. SaBaxav, Vappnrixos, and Nexés. The transcriptions of Herodotus, 
whose informant was a Theban, are much more to be depended on than those of 
later writers. The expletive of this letter was the eagle. 

21. A sieve (X. 1; x. 1) was used in the first age, being the initial letter in 
the royal name found in the great pyramid, which Herodotus represents by 
Xéow. Its value, as equivalent to the Hebrew n, appears from transcriptions 
I, 2, and IV. 7, as well as from this Greek transcription, and from certain Coptic 
equivalents which have been already noticed, in which it is represented sometimes 
by gj, SH, and sometimes by 9, H, at Thebes, and 5, KH, at Memphis. The 
latter harsh sound, if it were the original power of the letter, might be softened 
into the two former; but neither of the two former could be corrupted into both 
the others. The expletive of the steve was the pair of oblique lines. 

I have considered these twenty-one characters in the order in which they are 
found in Chevalier Bunsen’s alphabet. I agree with himas to their powers, as he did, 
for the most part, with Champollion ; and I cannot conceive the possibility of any 
person seriously disputing any of them. I now pass to those as to which a doubt may 
reasonably be entertained, whether the values heretofore assigned them are cor- 
rect ; and I will endeavour to remove this doubt, either by adducing new argu- 
ments to establish the values given to them, or, as will more frequently be the 
case, by shewing that their true values were different. The remaining characters 
of the Chevalier’s alphabet are eleven, and I do not feel it necessary to consider 
them in the precise order in which they occur there, though I shall do so for the 
most part. 

I begin with the sort of plant which is used on the Rosetta stone, and other 
monuments subsequent to this, to represent M. Of its power there can be no 
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doubt entertained; but I have never met with it as a phonoglyph in the age of 
the papyri, nor indeed till the eighth period. On what grounds Chevalier Bunsen 
has given it a place in the ancient alphabet I cannot conjecture. I, of course, 
reject it altogether. 

22. An arm occurs as a letter in texts of all ages, from the coffin of Menkare 
downwards. From its corresponding to a vowel in Greek transcriptions and in 
Coptic words, aaH, 009, the moon, and many others, it was classed by Champol- 
lion among the vague vowels, and by Chevalier Bunsen is made an A. It appears, 
however, that it expressed a sound which was wanting in the Greek alphabet, as 
well as in the Coptic, and which had consequently been lost during the ages of 
foreign dominion which preceded the introduction of the Coptic alphabet. In 
transcriptions I. 1, II. 1, 2, and III. 1, it corresponds to the Hebrew y, as it does 
apparently in the verb signifying “to travel in a foreign country ;’” Nal, con- 
nected with the Hebrew y1, “to wander.” This verb occurs Pap. Pl. 107, 6 
(fig. 139), eMNal, “in the act of wandering.” The objection to this view of 
the power of the arm is, that it occurs in many foreign words where we do not 
find the Hebrew y; but I reply that we must dismiss from the account all those 
words in which it follows the owl or half arch, as MaLeK (fig. 61), for 750, 
because it is here a mere expletive ; and that, when this is done, no word can be 
produced in which it can be proved to occur without having a y to correspond to 
it. Champollion gives, indeed, a word beginning with this letter, as aR Ma, o7N, 
* Assyria,” Gr. p.501; but the true reading is No>y, ‘ Persia.” This character 
is not often followed by an expletive, but has sometimes a vertical line after it, 
and sometimes the gwaz/ ; compare Pap. Pl. 21, 1. 5, and 135, 1.9; whence we 
may infer that the old word, signifying an arm, was of the masculine gender, and 
consisted of the arm followed by the guaz/. I propose to use the Hebrew yayin 
to express the compression of the larynx which it represented. The name of 
an arm would then be yU. This letter occurs in the alphabet y1; y 1. In 
hierographic writing, a character frequently follows this letter instead of an 
expletive, which had no phonetic or ideographic value, but was merely used to 
fill a void space, as in the hierographic figure. 

23. A leaf is considered by Champollion and Chevalier Bunsen as equivalent 
to the arm ; but I do not find them interchanged in ancient Egyptian texts ; 
and in transcriptions the /eaf is represented by the Hebrew x, while the other is, 
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as we have seen, represented by y. This appears from III. 2, and IV. 6. That 
this letter, when initial, represented the hamza, or sound produced by opening 
the larynx, and not the vowel A, appears from its being frequently omitted at 
the beginning of words, which a vowel would not be likely to be; from its being 
represented in Coptic words by all kinds of vowels, as in aitk, “1” (Heb. 123); 
€9,€, “a cow ;” HpM, “ wine;” o&e, “thirst,” also written er&e and s&1; and 
uoite, “a stone;” from its being interchanged, when accompanied by a mouth, 
R, with the eye, which is known to represent the word sps (see Pap. Pl. 161, 
1.8, 9, e¢ passim) ; and from its being followed by different vowels, when but one 
syllable seems to be expressed. It takes for its expletive the setting figure touch- 
ing his mouth, implying that its name was sounded as the interjection used in 
addressing a person, which we must presume was O. For this siting figure the 
quail is substituted, and some might think that the /eaf and quai then constituted 
a diphthong, as a and w, when united, express 0 in Sanscrit. But I cannot accede 
to such an opinion. I consider this combination equivalent to the Hebrew in; 
and we shall presently see reason for thinking that the quail represented O as 
well as U, the Egyptians, like the ancient Hebrews, not distinguishing these 
sounds. I represent this letter by a Hebrew aleph ; it appears in the alphabet as 
s1:s 1. Atthe end of words I conceive that it was sounded as wh, or as our 
a, when unaccented, generally is. Thus, Tx, the name of the purse, should be 
pronounced Tuh, or as Tur would be pronounced by most persons in London. 
This character is used in the first age on the tomb of Teta. 

24, The eagle, (A. 1; a. 1) is considered by Chevalier Bunsen as equivalent to 
the two preceding, but in good texts no two of them are interchanged ; and in 
their use as expletives they are uniformly placed after different letters. I cannot 
then consent to class them together; and as the two others have been appropri- 
ated to different values from that of the vowel A, and as we cannot conceive that 
this was wanting in the Egyptian language, I give this value to the eagle. It 1s 
worthy of notice that it is used to express the initial letters in the names of 
Artaxerxes, Alexander, and Arsinoe, and the two alphas in the name of KAco- 
maTpa, as written on the pronaos at Edfu, where it is expressed by nine charac- 
ters, evidently intended to correspond to the nine Greek ones. It is not used in 
ancient transcriptions, except as an expletive. In the transcription of an Egyptian 
word in which it occurs, I. 5, the Hebrews represented it by 8, but this is no 
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objection to the view that I advocate; for the Hebrews could not otherwise 
express a word beginning with a vowel. Besides, according to my view of the 
matter, the /eaf; which is properly x, is necessarily understood before the eagle, 
and also before the letters having the powers of I and U, when not used as Y 
and W. This character does not happen to occur on any of the few monuments 
of the fourth dynasty that have been published ; but, as no word occurs on these 
monuments which was in after times written with this letter (which, when not an 
expletive, is far from being a common one), we are not warranted to infer, as in 
the case of I. 2, U. 2, &c., that it was not yet introduced into the alphabet. Its 
power, probably, ranged between A in father and the same letter in fall. Its 
expletive was the gwaz/, and its name was, consequently, pronounced AW, i. e. 
ow in cow, or perhaps AV. This was, perhaps, the ancient name of this bird, 
though we are not bound to suppose it so; and as the Latin aqua represented the 
ap, av, and aw of cognate languages, so this name may have been etymologically 
connected with agu-ila. Before I dismiss this letter, I think it right to state an 
objection that has occurred to me against the value which I have assigned it, in 
agreement with Chevalier Bunsen, but for which I should have classed it among 
the letters whose values were indisputable. In the word ATP, “to carry or be 
loaded,” of which it is the first letter, it corresponds to a Coptic word, wn, 
beginning with uo, and that it had this value in this word in the Ptolemaic age 
appears from Greek transcriptions, in which this word, when an element in proper 
names, is represented by w-cs, whO-1s, wO-ns, whence it may be argued that 
this was not confined to the vowel A, but might represent any vowel, and must, 
therefore, be equivalent to the /eaf. Surely, however, when the consonants have 
undergone so much corruption in these transcriptions, we may admit that the 
vowels may have been corrupted too. The change from the vowel in ought to 
that in oat is not a very great one, and we know that, in the later ages of the 
Egyptian language, the vowels were much altered. The Thebans, we know, 
used both astg, and uoitg, for the verb “to live ;” and I mentioned, not long 
ago, that erRe, 1&1, and o&e were all used to signify “thirst.” I consider it far 
less improbable that all the words above given were formed by corruption from 
ATP, the vowel pronounced as in /a//, than that, in the many words beginning 
with the leaf, followed by the eag/e and its equivalents, we should be obliged to 
pronounce a double vowel, although I admit that, in many cases, we ought to do 
VOL, XXI. 2B 
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so. Besides, the duplication of characters to represent an added I, and the tri- 
plication of them to represent an added U, of which there are unquestionable 
instances, seems to intimate that these were the second and third vowels, and, if 
so, we must have the eagle for the first: for I have already shewn that neither 
the arm nor the /eaf is properly a vowel. 

25,26. A pendent flower (U. 3; u.3), and a leg (U. 4; u. 4), may be 
advantageously considered together. They are both used in the first age, occur- 
ring on the tomb of Teta. The former had for its expletive an eagle, and the 
latter a quail, as the quail (U. 1) had for its expletive the pair of lines ; thus, 
their names were U1, Ua, and Uu, the letter preceding the expletive being in 
all instances pronounced as W, if not as V3; for the Egyptians at Thebes, in the 
age of the papyri, seem to have confounded the sounds of w and v as well as they 
did those of r and /. I will first establish the value of the pendent flower. In the 
names of Ptolemy and Cleopatra it is clearly used to express the vowel O, as it 
was in the name of King Osorkon, which Manetho or his copyists have erroneously 
written OoopOav, of the twenty-second dynasty ; but we have a clearer instance 
of its use as a vowel in the age of the papyri. The name of a foreign country occurs 
in the great inscription from Medinet Habu (B. E. H. 44, col. 16), as in fig. 140 ; 
the name is MysxaUasxa, and clearly corresponds to Mooyos, the singular of 
Mooyor, Herod. 7, 77; just as, in the name of King Darius, Burt. E. H. 3, e¢ a/., 
the quail, followed by the last effective letter in this word, expresses the termi- 
nation OS, for which gual this very character is substituted at the great Oasis. 
It is quite evident that, in order to render the pronunciation of this name at all 
conformable to that of the Greek transcription, a// the expletives must be rejected, 
and the five syllables which it apparently contains be thus reduced to two. 
Here, then, we have this character representing a vowel in the age of the papyri; 
and it clearly represents W or V, rather than U, in its name, and in other words 
where it occurs before a vowel. Thus, in fig. 141, which is also from Medinet 
Habu (B. E. H. 43, col. 11), whether we read the word with or without the ex- 
pletive, we must sound the initial letter as a consonant ; the concurrence of vowels 
would be intolerable, to say nothing of the correspondence which the word thus 
has to the Latin vi-a, of the same signification, if we read it Ual without sounding 
the eagle. The quail and the pendent flower have thus like powers, each being 
sometimes a vowel and sometimes the consonant W. They are seldom inter- 
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changed, being used in different words for the sake of distinction; and yet I 
think I have met with instances. There were three common words, signifying 
animals of the ox kind, all generally followed by the same determinatives, which 
T omit, viz. NeHa, Coptic, eg,€ (fig. 142), which was used without distinction of 
sex; UaH (fig. 143), corresponding to the Latin vacca, a cow; and NaU 
(fig. 144), used for the male, and sometimes for the species generally. This last 
is sometimes written with an expletive at the end, the eagle; and, not being 
aware of the nature of expletives, Mr. Birch read it, on this account, aua or awa, 
but it ought to be sounded as a-u, or perhaps as av. Now, in the papyri, another 
word is used for “horned cattle,’ which I take to be a variation of this. It is 
that represented in fig. 145 (Pl. 4, |. 7), and is read NAUz, the pronunciation of 
which is identical with that of the preceding, if the litwus and pendent flower be 
equivalent. 

The equivalence of the /eg and the quail appears from direct interchange, as 
in the word signifying “a harp,” which is written with the litwus, U. 2, at the 
commencement, in the tomb of Rameses III. ( Wilk. Pl. 13), and with the leg 
(Pap. Pl. 23, 1. 2), as well as in Wilkinson’s wood-cut, 184, which is said to be 
from an ancient tomb near the pyramids. The name of “a lion” appears, too, 
from what has been said under No. 13, to have been written with the quail, while 
Champollion gives it with the /eg. In this instance, as is usually the case, he 
does not say where he found the name, so that we cannot be sure that the form he 
gives is of the proper age; but we have, at any rate, the quail of the papyrus cor- 
responding to the Hebrew 2 in x», and to the Coptic & in Aako. It is worthy 
of special remark, too, that in the transcription II. 6, bPRuKabvuTw (fig. 102) 
= M21, the /eg with its expletive is used to express the Hebrew ) in the femi- 
nine plural, which not only the authority of the Masoretes, but that of the LXX. 
( Pow88), and of Plautus (valonuth), require us to pronounce as a vowel. There 
are instances, again, in which the /eg, in old Egyptian words, is replaced by ow 
or oO in their Coptic equivalents, as teb (fig. 146), Pl. 34, 1. 8, Toove, to-we, 
“shoes ;’’ where note that the semicircle and pair of oblique lines sometimes 
added to this word, are the sign of the dual number, here denoted by the dupli- 
cation of the determinative sign; but whether the word, with this addition, should 
be read towe-twi, or towe-towe, or tow, or towu, is yet undecided; one of the 
last suppositions appears the more probable from the transcription I. 5, compared 


with fig.96. Again, UbN, “to shine,” (fig. 149) corresponds to the Coptic ovoeitt, 
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though the latter is used as a noun, and the former generally as a verb. Here the 
o in the middle of the word, pronounced W, represents the /eg. The word for 
‘‘harp,” already noticed, written with the /eg in the papyrus, is in Coptic ovsuortt. 
Other instances will be adduced hereafter, in which the /eg is implicitly contained 
in words that appear, from their Greek transcriptions, not to have had it sounded 
otherwise than asa W. Such are the word for “son,” transcribed oe, and etymolo- 
gically connected with vi-os, and aai-s, the name of a town. That the leg is, 
however, in many instances, equivalent to our V, is indisputable,—see transcrip- 
tions, II. 3, and IV. 7; nor could it have had the value of B in conjunction with 
another letter, as in IT. 6, 7, and even alone, as in II. 1, and frequently in the 
later ages, unless it had sometimes, at least, more of the nature of a consonant 
than our W. 

I conclude, then, that these four characters must be classed together, as 
U, W, V, just as the dion and mouth are classed together as R, L. In tran- 
scribing Egyptian words, it will be proper to write for any such letter the first or 
leading value, if there be no mode of deciding which was its value in that parti- 
cular word which is transcribed, or if it can be determined that the first was its 
value ; but to substitute one of the latter values, if there be ground for coming to 
the conclusion that this was the value which it had in that word. Thus, I would 
transcribe the word, fig. 149, UWeN, not UUN; the name of the “lion,” con- 
tained in fig. 22, LeW or LeV, not RU. Probably, the consonantal sound of 
this letter was that of the German W, which is, as I understand, imtermediate 
between our V and W, produced by a contact of the lips alone, not of the lower 
lip and upper teeth. See Rapp. Phil. d. Spr. vol. i. p. 59, where he maintains 
that this was the sound of the Greek f in later times, as it is in the modern 
Greek. It was probably also that of the Latin V. 

27. A cerastes, or horned serpent, was in use from the earliest period as a 
letter, occurring in the royal name found in the great pyramid. It is here 
followed by the quail, apparently as its expletive, which it may have been origi- 
nally. But when the pair of oblique lines was introduced into the alphabet, it 
became the expletive of this letter. Its power has now to be investigated, and 
it requires to be so with great attention. In the transcriptions of Hebrew words 
it occurs once only, II. 8, where it replaces the Hebrew 5, probably answering to 
our , but possibly to our P. This is consistent with the letter having either of 
these values ; but it is also consistent with a third supposition, namely, that the 
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Egyptians having no letter exactly corresponding to F, used this as an approxi- 
mation to it; and, in favour of this supposition, I refer to the transcription IV. 1, 
where F is represented by a combination of P and H. To use such a combina- 
tion in the middle of a word would have been objectionable, because, in that case, 
it would naturally be read kap-har, not kafar. This transcription, too, appears 
to me to furnish a very powerful, if not a conclusive, argument against this letter 
having the power of I’, as Chevalier Bunsen supposes. If that had been its 
value, it would have been used in the name Frat, instead of a combination of 
two letters. Again, it is highly improbable that a letter which occurs so seldom 
as the cerastes does at the beginning of words, should not have homophones ; but 
if it be not either V or P it would have to stand alone, or along with a few rare 
letters, or probably syllabic signs. Chevalier Bunsen gives it no equivalent 
letter, and only three syllabic signs and mischbilds, two of which are used in the 
same word. With all these, including the cerastes itself, there are not more than 
about half a dozen words commencing. Now, we cannot suppose that this could 
be the case if it had not homophones. I consider it, therefore, as certain that it 
was equivalent either to the gwaz/, at least with its consonantal value, or to the 
square mat ; and that it was used to express the F in Kafar, not as having that 
power, but as the nearest possible approximation to it that the Egyptian alphabet 
afforded. 

To decide this question, we naturally recur, in the first instance, to Greek 
transcriptions ; but, unfortunately, these are not free from ambiguity or uncer- 
tainty. In the name of the builder of the great pyramid, Herodotus writes the 
accusative Xéoma, giving the cerastes the value of I]. It is true that he may 
have been told by his informant that the name was Xéoy in the nominative, 
which would be the only way in which Xeov, with the Greek termination of the 
nominative, 2, immediately added, could be expressed; and he may have taken 
down this nominative, and at a subsequent period declined it erroneously. But, 
however this evidence may be capable of being set aside, it certainly cannot be 
adduced in favour of the letter having the power of V. Manetho writes the 
name Zovds, which would apparently favour this last supposition; but then, 
again, it might be objected that he gave the pronunciation of the people of Lower 
Egypt, who expressed the P of Thebes, in the article and elsewhere, as PH or 
F. This transcription is, therefore, indecisive ; and so, for the same reason, is 
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that of kd¢x, the compound perfume which is so frequently mentioned. The 
word signifying “good,” which I have already mentioned, is transcribed at 
Thebes Ne@ep and vadpis: but to this also it may be objected that the @ was 
used for 7, in consequence of the influence of the p; and the same objection 
might be made against any inference being drawn from the Xeppyy of Hero- 
dotus, supposing it to be generally admitted (which, however, Chevalier Bunsen 
denies), that the @ in this name represents the cerastes. There are other tran- 
scriptions to which this objection would not apply, if they were admitted to be 
correct. Thus, Diodorus gives the name of this last king Xa@pvis, apparently 
representing the cerastes by 8, the remainder of the word being the representa- 
tion of the name of “the sun,” Reya. But Chevalier Bunsen denies that the 
king whose name contains the cerastes was the successor of Cheops. Again, I 
have myself no doubt that, in the name of the last of the Pharaohs, the cerastes 
was represented by a 8. I consider the name to be NeXTe-NeV, “lord of vic- 
tory,” of which the Greeks made NexraveB-0s, the cerastes being the comple- 
mentary letter of the basket, which signifies “lord,” or ‘all.’ ‘This last part of 
my supposition is, however, denied. Others make the cerastes to be the pronoun 
of the third person singular (in what sense used I cannot conceive), and read 
Nebf. They suppose, too, that this was not the name of the last Pharaoh, but of 
his next predecessor but one, which I, on the contrary, take to be Horus 
NeX T-eN-HeVI, the conqueror of Hevi, i. e. the Great Oasis, the NexraveBn-s 
of the Greeks,—a different name, though the distinction has not been of late 
attended to. It is this king whose sarcophagus is in the British Museum. It 
would seem, then, that the utmost that the Greek transcriptions can effect is to 
create a probability in favour of one or other of the conflicting values; and this 
probability may be differently estimated by different persons; we must, there- 
fore, have recourse to the analogies of other languages. ‘These, I think, are 
decisive as to the point. 

In Coptic, the cerastes, when initial, is represented by the letter q in qj, to 
carry, and qjitT, a worm ; it is so represented also in the affix of the third person 
singular masculine, as well as in 9,0, a serpent, and other words. Indeed the 
form of this letter is a strong argument that it is equivalent to the cerastes, it 
being evidently derived from that character. Now this Coptic letter is fre- 
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quently interchanged with the &, the power of which is admitted to be V. The 
three words above quoted are all found written in Coptic with this letter, as well 
as with ¢7; and we may, therefore, infer that the latter had the power of V, and 
not P, for we never find it interchanged with m. It may be said that the ¢ must 
have had some different value from &, or it would not have been introduced into 
the Coptic alphabet ; and Dr. Schwartze supposes this value to have been that 
of F. We have seen, however, that the cerastes could not have had this value, 
but must have been equivalent either to the V or P class of phonoglyphs. It is 
much the most probable way of accounting for the introduction of into the alpha- 
bet, to suppose that it was intended to represent our V, or rather the German 
W:; while & was to have been confined to express the sound of B in words of 
Greek origin, and words like &apt, a boat, which commenced with the sound of 
our English B. If so, however, the intention was not carried out, and the & is 
used ambiguously, sometimes representing this its proper sound, but more fre- 
quently the German W, as in Sac, a saw, where the quail was used in the hiero- 
glyphic writing ; in RG, a hawk, where the /eg, and in 8a, a palm-branch, where 
the cerastes replaced it. 

Again, it appears from the Hebrew, that the cerastes represented V and not 
P. The affix of the third person singular masculine was expressed by this cha- 
racter in the old Egyptian language ; but this was ) in Hebrew. 

Lastly, whatever evidence is furnished by Indo-germanic affinities is to the 
same effect. The V class of phonoglyphs corresponded to V in Latin ; as in VI, 
a way (fig. 141), vah, a cow (fig. 143), connected with via, vacca; while the P 
class corresponded to P in Latin, as in Pet, a foot, PeSt, a back (whence post), 
Pet, the sceptre indicating authority (connected with pote, woos, &c.), and 
PeXXa, i.e. PeX (fig. 147), a lioness (Germ. fiihe, a female beast of prey, the 
Latin word corresponding to which should begin with P). This last is equiva- 
lent to the word which Champollion, guided by the mistaken analogy of Baor 
in BovBaoris, read Pasht, and which has since been read Paxt, or Pext. The 
semicircle is, however, a non-phonetic sign of the feminine gender ; at least it is 
clearly written as such,—Pap. PI. 145, 1. 3; 156, 1.5; 157, 1. 3; and 160, l. 2,—being 
followed by the egg (fig. 148); and the few instances in which the semcircle is 
accompanied by its expletive, or repeated before the egg, are probably errors. This 
was not the true name of this goddess, which was probably Menhi, but an appella- 
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tive or surname, “the Lioness ;”’ she being represented as a lioness, or as a woman 
with the head of a lioness. The goddess of Bubastis (see fig. 89) was represented 
asa cat, or as cat-headed. It remains to be ascertained whether any of the words 
commencing with the cerasteso r its equivalents have Indo-germanic affinities. 
Now I think it obvious that the German wohn-en, A S, wun-ian, to dwell, is 
etymologically connected with feN-TI, as Ch. Bunsen writes the word (fig. 150) 
a dweller. The two first letters of this word I consider radical, the two last affor- 
matives. In conformity with the principles laid down in the preceding part, this 
affinity leads me to affix the value V to the initial character in this word ; but 
that character is a nose, and the name of a nose is hieroglyphically written with 
the cerastes (fig. 151), Sharpe E. I. 77. 3; a sure proof that this peculiar letter 
had the same value. 

In the Turin copy of the Todtenbuch, the cerastes is actually used for the 
quail, c. 149. 13, 14, 25; a corrupt mode of writing, I admit, but one which 
could not have been introduced if these characters had not belonged to the same 
class. Again, the /itwws, or a character not distinguishable from it, is used for 
the affix of the 3 p.s. m. Ch. Gr. pp. 260, 278, 279. All these considerations 
lead me to the conclusion, that the cerastes was equivalent to the quail and its 
homophones, in their consonantal value, at least. I, therefore, place it in the 
alphabet as U 5; u 5. 

28. The hand has been considered by all previous writers as the equivalent 
of the semicircle ; and I acquiesce in this, placing it as T. 4; t. 4; yet I am by 
no means sure that I am right in so doing. It seems clear, indeed, that they are 
both represented in the same manner in Coptic words, and that both have the 
same class of Indo-germanic equivalents. If, then, they differ, it is not as T and D, 
or TH, but as T and the strengthened sound which the Hebrews represented 
by 0. ‘This could only be proved by Hebrew transcriptions; and apart from 
these it could only be disproved by clear instances of the interchange of the hand 
with the semicircle, or its undoubted homophones. 

As to the former of these points, there is only the transcription IV. 10, in 
which 0 occurs, and it is there represented by the hand; while in the many in- 
stances in which F occurs, it is always represented by the purse, T 3, or by T 1, 
or T 2. This is certainly calculated to raise a doubt as to the equivalence of the 
hand and these letters. If the Egyptian equivalents of 5 im the name of 
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Joseph’s father in law, and of ox, d0ovn, a kind of cloth, could be ascertained, 
and if both of these were found written with the hand, sufficient weight would 
be attached to this argument to induce me to distinguish the letters, but at pre- 
sent I cannot feel myself justified in doing so. 

With respect to interchanges, I know no instance of a native word being 
written sometimes with the Hand, and sometimes with one of the other charac- 
ters. In the few instances in which this interchange is supposed to have taken 
place, I feel satisfied that distinct words, of different significations, have been con- 
founded. Thus LeT with the bent rope, signifies “ people” (Germ. leute), but 
with the hand “a race,” “to engrave,” &c. It was then probably pronounced 
RoT. This is not a conclusive argument in favour of the diversity of the power 
of the characters, as the same distinction is observed between N 1 and N 2, H1 
and H 2, the phonetic equivalence of which is unquestionable. Still it is not 
calculated to remove the doubts raised by the Hebrew transcriptions; and it 
should be particularly noticed that the purse is, for convenience of grouping, 
frequently interchanged with the bent rope, T 1; but in no pure Egyptian 
word with the hand. Ina foreign word, indeed, it is interchanged ; the 7 of 
5329, which is represented by the purse in fig. 98, from the papyri, being repre- 
sented at Karnac by the hand. The representation of a foreign letter, which 
had no proper equivalent in the language, by two letters not perfectly homo- 
phones, though as similar as © and nm, will not be considered unlikely to have 
occurred. On the other hand, on the tomb of Teta, in the British Museum, 
the name of the principal deceased is written with T1; while that of another 
member of his family is written with the hand. It is not probable that different 
names should be used in the same family so like as NN. and NOD. 

To complete the evidence on both sides I should observe, that a peculiar form 
of the letter A is used before the hand, as in ATN, “form,” “to form,” A'’sx, 
the name of a city, and a few other words; while the eagle is constantly used 
before the other forms of T, as in AT, “the back,” ATP, “to carry,’? &c. This 
is a point which ought not to be overlooked. 

I now leave the question to the judgment of others. My own opinion is, that 
while there is no positive proof that the hand had the value of 0, as distinguished 
from 4, T, which was that of the purse, bent rope, and semicircle, there are 
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grounds for suspecting that it had, and no positive proof to the contrary.* The 
hand was in use in the first age ; and had for its expletive the pair of oblique 
lines, which may have been in this case a sign of duplication, as the Coptic name 
of the hand is ToT. 

29. The question which arises respecting the guadrant or knee (Q 1; q 2), 
is similar to that which respects the hand. Is it equivalent to the basin, as it has 
been considered by Chevalier Bunsen and others; or is it a strengthened letter 
equivalent to the Hebrew p, and the Arabic (? In this instance I adopt the lat- 
ter alternative ; I am induced to do so by the transcription II. 9, and by I. 3 and 
4, though these are of a later date. I admit that the transcription III. 4, would 
lead to an opposite conclusion ; namely, that the Egyptians did not distinguish 
between the > and p; but we are to recollect that this is the name of a town far 
removed from Palestine, mentioned once only in the Bible, and that in one of the 
later books; and that, though it is written in this place with 3, it is written in 
Arabic with (s. I cannot allow this doubtful testimony to weigh against the 
clear ones furnished by the names of two Egyptian Kings, and a common Syriac 
word, in all of which the characters before us represents p; while, except in the 
name wwdD72, it never represents 2. Besides, I have never found this character 
interchanged with the basin, or with any of its known homophones. I grant that 
further evidence of the value of the character would be desirable; but in the 
meanwhile no harm can result from writing for it Q. Its expletive was the eagle, 
and it was used in the first age, on the tomb of Teta. JI allude to the word 
QeLS, burial. The character which occurs in the word for “ bread,’? and which 
has been supposed to be this, is an ideograph, representing a loaf: That word 
should be read NeT, the initial /eaf being, for the most part, omitted. 


*Tn the interval between the writing and the printing of this passage, my doubts as to the 
perfect equivalence of the hand to the bent rope and semicircle haye been almost entirely re- 
moved. 

+ Since this was written I have observed that the name of an Asiatic country is written, Pap. 
Pl. 51, 1. 4, QsHaQ, with this character at the beginning and end; and ona stele in the Louvre, of 
the age of Thothmos III, KaHaK, with K 1. I cannot identify this name with any known one; and 


indeed the only conjecture which appears to me at all plausible is, that it represents Khaq, Gk, 


which I have, I think, seen somewhere as a name of Tartary. In the Papyrus, this people are 
joined with the Moskhush and three other nations (one of which, however, i8 the Nahasu, or 
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30. I come now to a character, the determination of the true value of which 
is more difficult than of any other in the alphabet. I allude to the long serpent 
(C1;¢1). Iwill state the evidence bearing on its value of all the four kinds ; 
and I observe, at setting out, that a good deal of this evidence is quite inconsis- 
tent with its having the value T, which Chevalier Bunsen assigns to it; a good 
deal of it appears in favour of its having this value, and is at any rate quite in- 
consistent with its having the value K, which I assigned to it in a former paper ; 
while some evidence tends directly to shew that the value was either TS or TSH, 
which are both connected with both T and K, and may, therefore, be consistent 
with both the former classes of evidence. As the letter C may represent either 
of these values, the one being its power in many German, and the other in many 
Italian words, I adopt it as a representative of this character, which will, I think, 
appear very clearly to be neither a Knor aT. Whatever it was, it was used in 
the first period, and had the pair of oblique lines for its expletive. 

(1). There is one word containing the character before us, of which we have 
two transcriptions preserved. I allude to CiVi, or CiVA, with the cerastes, 
signifying a particular kind of perfume, which Galen, who gives a receipt for its 
composition, calls Cypheus, and the Etymol. Mag. «ids. These transcriptions 
certainly tend to show that the character was not a T, and apparently that it was 
a K. A doubt, however, may exist whether, in the age of Galen, the Greek syl- 
lable xv commenced with the sound of our K. We know that, in Coptic tran- 
scriptions of Greek words, « followed by «, or a vowel of similar power, was 
usually witten 6; thus the first syllable of «Bros is almost always 61; the 


second in doxiaCev is Ot also; and the last in éyxaxecv is Cet. Now there can 
be little doubt that the power of 6 was ch. The Coptic is no longer a living 


Negroes), as furnishing 5000 soldiers to the Egyptians. The Kahak furnished 1500, the others 
1300, 520, 1000, and 680. As to the bearing of this diversity of spelling on the question of the 
equivalence of the characters which I call K and Q, I cannot lay much stress on it. In the first 
place, the stele may have been incorrectly sculptured, as steles often are; and secondly, the spell- 
ing of the name of a remote foreign nation may very well have been different in the reign of 
Thothmos III., from what it was after an interval of 200 years, during a great part of which all in- 
tercourse with it had probably been suspended. There is, I believe, no doubt that, either in the 
reign of Amenotp III. or shortly after his death, all the Asiatic conquests of his predecessors 


were lost. 
Die, D> 
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language ; and, when it was so, it was unfortunately by Frenchmen that the equi- 
valents of its letters were taken down, who, we know, cannot pronounce ch or J, 
but substitute for them si and zh. It is quite plain that x expressed the soft 
sound corresponding to 6; the former is a softening down of v, as the latter is of 
kK. From the analogy of our own languarge, we should, therefore, expect that 
their values would be 7 and ch, which is what the hard Anglo-Saxon g and c have 
become in a multitude of words. Accordingly, the French report is that x ex- 
pressed the Italian g before 7 (i.e. 7), or the French 7 (i.e. zh), which the re- 
porter could not distinguish. Of & he reported that it had the same sound as wy, 
or sh. It is not an admissible supposition that the powers of these letters were 
identical ; the conclusion, then, is to my mind irresistible, that 6 had the value 
of ch, and of course x that of the English 7. It appears from what has been 
said, that in the third or fourth century, when the Coptic alphabet was formed, 
the Greek « before z, and similar vowels, had undergone the same softening as 
C in the two first syllables of Cicero has undergone among the Italians. It is, 
therefore, by no means improbable that it had undergone this change in the lat- 
ter part of the second century, when Galen wrote ; and that the sound of the 
long serpent indicated by his transcription was ch and not k. 

(2). The long serpent is used as a representative of ¥ in the name of Sidon, 
Tr. III. 5. This Hebrew letter is, I think, always represented in transcriptions 
of foreign words by the present character, or by C 2, never by the purse or by 
any of its known homophones; but there is one instance, that of ¥0, in which 
one of these homophones, the semicircle, which I have shown to be implied in 
fig. 78, has been represented by ¥ in Hebrew. In the Roman age this character 
is used as initial in the name of Titus, on the obelisk of Domitian, in the Piazza 
Navona, at Rome. This is the chief ground for attributing to it the value T ; 
and it certainly appears as decisive an argument for refusing to it the value K, as 
the transcription «idx is for refusing to it the value T. The following considerations 
will, however, show that this transcription is by no means conclusive in favour of 
T, as against CH or TS. In the Gnostic papyrus, at Leyden, attributed to the 
second century after Christ, but perhaps written in the first, 7e occurs only twice, 
and is in both cases represented by the Enchorial characters corresponding to 


t 2,82, and 12, that is, by és’. In vil. 8 waorivé is transcribed by mastsinks ; 
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and in xvili. 4, aarcever by aatsiewt. 4x occurs thirteen times, and is transcribed 
eleven times by ¢s?, and twice by ¢hi; while, when it does not precede «, @ is 
always transcribed by th, i.e. t 2, h2. In one of the two latter instances it is pro- 


bable that the @ and ¢ were pronounced in different syllables. Again, in an as- 
tronomical work of Variha Mihira, which was probably written in the beginning 
of the sixth century, certainly long previously to the recent intercourse of the 
Indians with Europeans,* the Greek names of the planets and zodiacal signs are 


* About fifty years ago, Mr. Bentley published a series of astronomical calculations, by which 
he pretended to prove that the tables attributed to Varaha were composed about 800 years before 
that time. Subsequently, he affirmed that Vardha was not the author of these tables, but lived in 
the sixteenth century. With a boldness of scepticism which is as amusing as the credulity of the 
writer whose reveries are placed in juxta-position with his in the “ Asiatic Researches,” he main- 
tained that all the Hindoo works, in which Varaha or his system was mentioned, were forgeries 
of alate age. It so happens, however, that an Arabic work on India has been discovered since 
Mr. Bentley wrote, the author of which, Albiruni, was a contemporary of Mahommed of Ghazni, 
who invaded India in the beginning of the eleventh century. In this work, the genuineness of 
which is incontrovertible, there is a chapter on Indian eras, nearly the whole of which is copied 
and translated in the Journal Asiatique for September and October, 1844, The writer takes as 
his epoch the 400th year of Yezdegird, answering to A.D. 1031; and states that the oldest astrono- 
mical tables in use among the Hindoos were those called the Pancha Siddhantika, which Varaha 
Mihira composed 526 years before that date, or A.D.505. Next to these were the Kanda Kha- 
taka, composed by Brahma Gupta 366 years before the epoch, or A. D. 665. Mr. Bentley’s calcula- 
tions have obtained more credit than they deserved, in consequence of a weak criticism upon them 
in the Edinburgh Review, the author of which overlooked the actual flaw in them. This is not the 
place for pointing out that flaw, nor would there be room for doing so in a note. I will remark, 
however, that, according to Varaha, the sun’s apogee moves only 11.6” in a century, whereas it ac- 
tually moves 1181”. Its place, therefore, as computed from his tables, could only agree with its 
actual place for a short time, and this ought to determine their age. Now, in A. D. 496, the tables 
of Varaha gave the true place of the apogee, according to Laplace’s formula for computing its 
motion ; allowing the equinoctial colure to have passed through the first point of the Indian 
Aries, in A. D. 499, as all the Indian astronomers are agreed, and as Mr. Bentley admits, that it did. 
This must, therefore, have been the approximate date of the tables. Again, at the end of the 
3600th year of the Kaliyuga,—which expired on the 21st March, A. D. 499, 33/36” after noon at 
Lanka,—the moon’s mean longitude was, by Varaha’s tables, within a few minutes of what it is 
found to be by modern tables, taking into account the secular variation. Mr. Bentley affirms that 
Lanka was 77° 50’ E. of Greenwich, which would make the error about 8’ 45”; but, according to 
other authorities, Lanka was in Ceylon, and its longitude must therefore have been at least two 
degrees more. This would reduce the above errror by one-half at least. A greater degree of 
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expressed in Sanskrit characters. The syllable dz occurs in "Agpodirn and diSupoe 
and is represented by f& ji and @ yu. According to this analogy 7 would 


be represented by chi; and, in eorroboration of this, it may be mentioned that 
Ptolemy (VI. 1) transcribes the name of the Indian king Chasht’ana by Trac- 
ravov. When the Coptic alphabet was formed, T1 was replaced by a distinct 
character, [; probably because T had not in this combination its usual power. 
If we come to later times, we have the Latin é repeatedly transcribed by vox in 
one of the Graco-Latin Glossaries published by Labbzus, which seems to have 
been compiled under the lower empire; and every one knows that the Ita- 
lians of the present day represent it in a great number of instances by 
zi, pronounced féts?. Taking all this into account, it will, I think, appear a 
very doubtful matter, whether the sculptor of the obelisk, where this name occurs, 
intended to represent the pronunciation Titus, or Tsitus, or Chitus. I should 
observe that in the hieroglyphical legend of Nero, 7% in Tiberius, and di in Clau- 
dius, are both expressed by T 2 and 11. If, then, I be right in the supposition 
made above, the date of the softening down of the 4 is brought within pretty 
narrow limits. It was introduced between the reign (perhaps the beginning of 
the reign) of Nero, and the reign (perhaps the end of the reign) of Domitian, 
under whom the obelisk in the Piazza Navona was carved ; that is to say, in the 
last half of the first century. 

In the name of Domitian on this obelisk a character is used for T, which ideo- 
graphically signified “to give,” and which, with the pazr of leaves that follows it, 
clearly represents the Coptic f, to which I have already attributed the power of 
tsi, and which had this signification. The dong serpent is used in another legend 
of a Roman Emperor. That of Hadrian in one place consists of two shields con- 
taining the letters AUTKR(to)R KIISRS yCIRIINS. The éo is an ideoglyph 
signifying “the earth,” in Coptic To. The late date of this legend, and its evident 
incorrectness, render its testimony of very little value in the present controversy ; 


coincidence could not be expected, considering the imperfection of Variha’s data, and the incor- 
rectness of his system. I am not defending his character as an astronomer ; Iam merely contend- 
ing that he really lived at the close of the fifth century, and that the tables attributed to him were 
really composed at that time. These facts appear to me to be established beyond all reasonable 
doubt. 


of the Letters of the Hieroglyphic Alphabet. 207 


but I have thought it right to notice it. The name of Hadrian is elsewhere more 
correctly written HTRyNS. In the legend first quoted, the H, 7, is replaced 
by the arm, y; and an I is introduced before the R,—both obvious blunders; 
for to assume that this I was an expletive would be unwarranted, there being no 
other instance of an expletive being used in the imperial legends. The most na- 
tural way of accownting for what no one will attempt to justify is, that, as the 
people of the East find a difficulty in pronouncing two consonants without an in- 
tervening vowel, some of them converted Hadrianus into Hadirianus, which was 
softened down either to Hadzirianus, or Hajirianus, in the same manner as Titus 
was to Tsitus or Chitus; and that one of these was intended to be represented 
by the sculptor of this legend. It is, at any rate, the fact that it is only before I 
that this letter corresponds to the Roman T or D. 

(3). Iam not aware that there is any instance of direct interchange between 
the long serpent and any Egyptian letter, save one, at Thebes, in the age of the 
papyri. Taking into consideration, however, the whole range of Egyptian docu- 
ments, it is interchanged with the basin, K 1, with the semz-circle, T 2, the hand, 
T 4, and, I think, with the vase in a stand, which I regard as its true homophone, 
and which I call C 2. This last interchange I will consider when I come to 
speak of that character. I will here notice the others. 

The word CaTVI, a serpent or reptile, is generally written with the long 
serpent as its initial ; but Champollion (Gr. p. 86) gives it with the basin as its 
initial. He does not say where he found it so written, but the fact cannot well 
be doubted. I presume, however, it was in some late copy of the Ritual. The 
basin in some words, where it occurs, becomes in Sahidic &, as in K the affix, KAKE, 
“darkness,” &c., in others G, as in Ge, “a goat,” Goc6c, “to dance,” &c.; in 
others, again, both are used, as Ke and G€, “ other,” which are both found in Sahi- 
dic MSS. This is, as I have already intimated, in my view of the matter, strictly 
analogous to what has happened to the Anglo-saxon c, which has sometimes become 
k, as in kin, king, &c. ; or retained its old power, as in calf; come, &c. ; has some- 
times become ch, as in cheap, chin, cheek, &c. ; while sometimes both sounds are 
used in different modifications of the same word, as cool and chill, break and breach, 
bake and batch. The Coptic character G, is in fact obviously derived from the 
hierographic form of the basin, k 1. Now we cannot suppose that this softening 
down of the k and g sounds originated at the time of the formation of the Cop- 
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tic alphabet. It must have been anterior to it, probably by some centuries ; and 
during the time that it prevailed we cannot wonder at an ignorant scribe, such 
as were employed in the manufacture of funeral MSS., perhaps writing from dic- 
tation, using a basin, which had often the sound of ch, in place of a long serpent, 
which had always this sound. It appears then to me that the transcription in 
question, though it certainly most favours the value K, is not inconsistent with 
CH; but that it cannot be at all accounted for if the value of the character 
Was Te 

On the other hand, it cannot be denied that the long serpent is interchanged 
with letters having the power of T. There is a character representing a young 
onion with a white bulb, as it is always represented when the hieroglyphics are 
coloured, which ideographically signifies “ white.” It is also used for the cognate 
ideas “ bright, clear, illustrious ;” and it is not only used alone to express these 
ideas, but also with other phonoglyphs, its complements, according to Dr. Lep- 
sius’ system. Whatever the word was which is thus completed, it was doubtless 
the ancient Egyptian word for ‘“ white.’’ Now the usual complement is a long 
serpent after the onion. Thus on the sarcophagus of Seti I., in Sir J. Soane’s 
Museum, S. E. I. 61, 1st vert. col., we have S*C (fig. 152), ‘illuminating (the 
darkness). The S prefixed is the formative of the causative conjugation ; the 
disk at the end is a determinative sign. Champollion identified this word with 
the Sahidic coert, which, however, is not causative, but signifies “ fame, cele- 
brity.””. He thought that the onion, when phonetic, was a vowel, but he thought 
it to be at other times ideographic, and to be read oww&uy, the Coptic word for 
“white.” In the present state of our knowledge, such a double value of the cha- 


> 


racter as this is not to be thought of. Chevalier Bunsen gives the onion the 
value of H, as a syllabic sign before T, not as a mischbild, which is worthy of 
remark, as shewing the perfectly arbitrary nature of this distinction. If I had 
been asked to name the character, which more clearly than any other was an ideo- 
phonoglyph, I should have named the onion ; its ideographic connexion with 
white is obvious, and all its other meanings are modifications of this idea. The 
only reason for selecting H as the value of the character is, so far as I am aware, 


+ Here, as in some other places, I use an asterisk to represent the phonoglyph, of which the 
value is under discussion. 


T nn. nn 


of the Letters of the Hieroglyphic Alphabet. 209 


that the Egyptians in old times styled the metal silver “white ntiv,” nv sig- 
nifying a precious metal, and when alone, kar’ e€oynv, gold, Coptic, mov8. 
The Copts called the same metal 9,a°T, hat, whence arises a probability, in my 
mind an exceedingly slight one, that hat was the old Egyptian word for ‘‘white.’* 
The real phonetic value of the onion I believe to be very different; but before 
I assign it, I must observe that the /ong serpent is occasionally replaced by the 
semicircle, as its complement. This is not very common, and in instances where 
it appears to take place it does not always really do so. Thus in Leps. ix. 5, and 
again, xi. 55, the semicircle after the oniun is the sign of the feminine gender, 
and it has here no complement. In other instances, however, it must in fairness 
be admitted, however it may complicate the present question, that the semicircle 
is used after the onion, precisely as the long serpent is. Thus, in the sculptures at 
Medinet Habi, which are of the age of the papyri (Ch. Gr. p. 349), the onion 
and semicircle are used to express ‘‘ white” after NoNeR, “a stone,” which, like 
its Coptic equivalent, uorte, is certainly masculine, and which is elsewhere followed 
by the onion alone, as at Qtirna (Gr. p. 441). In the tomb of the king whom 
Champollion calls Rameses V., the word signifying light, or brightness, occurs 


* A word corresponding to Q,&'T is actually used in hieroglyphics to express “silver ;” 
but it is disguised in an extraordinary manner. It is expressed by the character which conven- 
tionally represented a howse, as in figs. 89, 94, followed by the onion signifying ‘‘ white.” This 
has been translated ‘‘ the white house; but it means ‘silver,’ and is to be read HaT. This 
word in the oldest Egyptian dialect signified ‘“‘a house;” whence the name of the Goddess Hat- 
hor, which occurs in monuments of the first period, consisting of a hawk, the symbol of Horus, 
within a house. This name is interpreted by Plutarch (De Isid., p.374, B.) cies “Qpev; an inter- 
pretation which was kept in memory by the hierolygphical manner of writing the name of the 
goddess, which was retained to the last ; though another word for ‘‘ house,’ z (written in the 
Greek papyri of the Ptolemaic period with the feminine article ¢v), seems to have superseded the 
old word hat, which was latterly used with the signification “silver,” as was the Coptic 9,AT. 
The character representing a house is generally a determinative sign; but sometimes, as here, a 
syllabic phonoglyph, having the value Hat or Har.—See the last note in the first part of this 
paper. The former was its original and proper value, but the latter is the more common of the 
two. I must add, that in pursuance of that fantastic system of grouping hieroglyphics in which 
the Egyptian scribes frequently indulged, a second house was represented after the onion, in 
order to express “‘ the treasury” or ‘‘ house of silver.” This group of three characters (an onion 
between two houses) I suppose to have been sounded 7%-’n-hat, It is of very frequent occurrence 
in the papyri and elsewhere. 

VOL. XXI. 2D 
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very often ; and it is important to attend to the different manners in which it is 
written, as they will, I think, determine the value of the onion. It is in the sin- 
gular S*UT (fig. 153, Gr. p. 285), and in the plural *UT (fig. 154, Gr. 
p- 459), or *CU (fig. 155, Gr. p. 258). These are all modifications of the 
same word, as is evident from the context; it does not imply causation, whence 
the S in fig. 153 must be radical; and the U at the end of fig. 155 is the affor- 
mative of the plural, implied by the three bars at the end of fig. 154. This 
variety can only be accounted for, and it is perfectly accounted for, by supposing 
that the onzon was equivalent to the three characters S, U, or W, and T, or C, 
which in this particular word happen to be interchanged ; or, in other words, that 
it was, when used phonetically, a form of SW (see No. 51,) only used in the 
word before us and its derivatives. I read, then, the word SWiC, or SWiT; 
I suppose that the Sahidic coert is its representative ; but that the word, which 
Champollion reads thus, being in the causative conjugation, ought to be read with 
a double 8, SeSWiT. How far this root may be connected with the Sanscrit 
s'véta I do not pretend to say. 

The other instances of interchange require less remark. The verb signifying 
‘“to hate”’ is, I believe, always written MeST, with the hand, in the age of the 
papyri. On the other hand, in the second period it is written for the most part 
MeSC, with the long serpent. The word signifying “‘liquor’’ is generally writ- 
ten with a peculiar character ; but on the sarcophagus of Seti I. (S. E. I. 65, 
midd, div., and again 66 midd. div.) it is written with an initial hand, TeSReT. 
There can be no mistake about this word, as it occurs in a formula of frequent 
occurrence, which has in other places the peculiar letter, alone or with S 2, 
in place of the first syllable TeS. Now im a stele in the Louvre anterior to the 
twelfth dynasty, this word is written with an initial Jong serpent, CeSReT, Lep- 
sius, 1x. 5. 

These facts, I admit, if they stood alone, would be powerful arguments in 
favour of the equivalence of the long serpent with the letters of T power ; but, 
considering the serious, if not insurmountable, difficulties in the way of admitting 
this supposition, it may be well to consider whether they may not be otherwise 
accounted for. It appears that in all these words the long serpent was first used ; 
that it was superseded in course of time by the T, and that the latter alone appears 
in the Coptic. sxecTe, “to hate,” is certainly the representative of one of the 
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words, and probably coert of another. Now, in these three words, an 8S occurs 
in the vicinity of the changed letter. May not this account for the change? If 
the long serpent was a compound letter, containing a T combined with a sibilant, 
either S, or SH, may not the vicinity of another sibilant have led to the loss of 
this, and to the consequent substitution of the simple T for the compound ? It 
certainly appears to me that these questions should be answered in the affirma- 
tive. Even where no second sibilant was present, we know that ¥ was converted 
into 0, not only in Chaldee words, but in the Hebrew itself; and our own “tea,” 
derived as it is from the Chinese ché, should teach us the possibility of such a 
change as I have supposed. 

(4). I need say little of the affinities of the words containing this letter with 
those of other languages. The Coptic is the only one available for our present 
purpose ; unless, indeed, the relation of m™, the olive, with the word for “oil,” 
to be presently noticed, can be relied on; + is the soft letter corresponding to the 
hard x, and hard and soft letters which corresponded were confounded at Thebes. 
We have seen that the basin passes sometimes into K, and sometimes into © or x. 
The /ong serpent, except in the words just mentioned, where it had previously 
passed into a T, is, I believe, invariably represented by the two latter characters. 
Thus we have xoT, a form of the verb “to speak;” xa T Re or CATCH, a “serpent;” 
xaT ene, “a heap; xoert, “oil;” all of which have hieroglyphic representa- 
tions beginning with the long serpent; as has 02x, or ogg, “ strength,” with its 
undoubted homophone, the cucupha sceptre, the name of which begins with the 
long serpent itself. I am not aware of any word containing this letter, in 
which it represents a hieroglyphic T. I once thought that TI signified “a ship,” 
corresponding to the Coptic xot, and Hebrew x; but I now regard this as a 
mistake. The cases in which x and © represent the basin and its known homo- 
phones are very numerous indeed. 

I have now given a fair statement of the evidence relating to the power of 
this letter, so that each person may form his own opinion respecting it. Mine is, 
that the evidence in favour of each of the values formerly assigned to it, K and 
T, is so strong as to render it impossible that it should be the other of these ; 
that we are, therefore, limited to what may be called the neutral values, TS and 
CH, or TSH; and that the latter of these is the most probable of the two. If 
the values of x and 6 be indeed j and ch, as I entertain no doubt, the fact of 
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these being the representatives of the long serpent is strongly in favour of the 
latter value. But, if this be so, it becomes a question whether the power of ¥ was 
not ch, in place of ts, as generally supposed.* This is, however, not a necessary 
consequence, as in transcription ch might be used as the nearest representative 
of x, without its being its actual value. 

31. A reservoir of water (SX 1; sx 1) was used in the first age, and had the 
pair of oblique lines for its expletive. Its value has been hitherto supposed to 
be that of sh in sheep; I regard it, however, as in the age of the papyri, and pre- 
viously thereto, having had the power of skh, and so being a double letter. At 
a subsequent period I admit that it became equivalent to our sh. This softening 
down of the hard sound is analogous to what has taken place in both English and 
German; the Anglo-Saxon word was sceap or scepe, the English is sheep ; the 
old High German was scaf, the modern is schaf, which is now sounded as shaf; 
though originally it was not so. The fact of this character having an expletive is 
no objection to its having a compound sound, at least, if 1 be correct in suppos- 
ing that the preceding character has one too. My reasons for giving it this 
value are, first, the transcription, fig. 136, already mentioned under No. 13, where 
it corresponds to the Hebrew nv, and secondly, the frequent use of the chair- 
back, $1, or the broken line, S2, before it, without apparently altering its signi- 
fication. It has been assumed that this was in every instance the formative of 
the causative conjugation; but this assumption appears to me an arbitrary one. 
Observation shews that it is used much more frequently before this character than 
before others, especially in ancient inscriptions, and that it is so used in verbs 
where the causative sense is not required, and in nouns. Nay, what is still more 
decisive, it is so used in the middle of words. Thus, on the coffin of Menkare,— 
“Let thy mother Netpe throw herself over thee,” as I take it to mean,—the 
verb used is that in fig. 156. The last character, the cross, is a determinative 
sign, used where crossing or reciprocal action is implied; and I read the letters 
PeSX, and not PeSeSX, supposing the broken line to be a mere completion of 
the double letter SX, in which it is implicitly contamed. This verb is apparently 
the same as the Hebrew no, pausdkh ; see Gesenius, and in particular see its 


* It isa strong confirmation of this opinion that the last syllable of the name of Nebuchadnez- 
zar, which is 9B in Hebrew, is char in the Bisitun inscription. 
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use in 1 Ki. 18, 26. A little after, in the same inscription, we have the word 
SXeTA, beginning with this letter without an S preceding it; while on the 
tomb of Teta, which is of the same age, it has an S always before the reservoir 
of water. This word is unquestionably a noun. It is by no means inconsistent 
with this view of the power of the letter to suppose that in transcribing foreign 
words it may have been used to represent SH, as it is in won, fig. 23. If the 
Egyptians had no proper sh, they would use skh as the nearest approach to it. 
In fact, Chevalier Bunsen does this very thing; he supposes this character to 
have had the power of sh, but, wishing to represent it by a single character, he 
selects the contraction of o and x. 

Having now gone through the letters which appear in Chevalier Bunsen’s 
alphabet, I proceed to consider the additional letters ; and I will first mention 
those, on the consonantal values of which, as equivalent to those which have been 
already considered, no doubt can exist, but which have been erroneously supposed 
to be syllabic signs, their expletives having been mistaken for complements. 

32. The purse (T 3; t 3) occurs in a great number of transcriptions, being 
in such the most common form of T. Its expletive was the /eaf- Enough has 
been said in the first part of this paper to shew that this was not a complement 
but an expletive. I have not found it in any monument of the first age, nor in 
any which certainly belonged to the second; but I rather think that a stele in 
the British Museum where it is used should be referred to the eleventh dynasty. 
It is dated in the tenth year, the king not being named. It is not later than the 
reign of Osortasen I., and I think it more likely that it should be referred to one 
of his predecessors than to him. 

33. A garden (SX 2; sx 2) is equivalent to No. 31. Compare the transcrip- 
tion of Mooyos, fig. 140, mentioned under No. 25, with that of nw», fig. 136, 
mentioned under No. 13. The two characters are evidently equivalent, and both 
are as evidently alphabetic. The expletive of that now before us is the eagle. 
I do not recollect having met with it in any inscription earlier than the reign of 
Osortasen I., S. E. I. 86; and here it occurs as the name of the first season, and 
is probably an ideograph. As a phonoglyph it was used frequently in the age of 
the papyri, and occasionally in former ages, as in the tomb of Nevotp, at Beni- 
hassan, in the third period. Like the reservoir of water, SX 1, it is occa- 
sionally completed by a prefixed S. 
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34. A water plant (X 2; x 2) represents kh, as is generally admitted. The 
comparison of figs. 19 and 21 shews this, and also that its expletive is the eagle. 
It occurs also, accompanied by the same expletive, in the name of a town which 
occurs Pl. 56, 1. 6, styled “the bull on the frontiers,” the country spoken of 
being Southern Palestine. I cannot hesitate to identify this with the Elusa of 
St. Jerome, the ancient Hebrew name of which, he says, was ~19n, Khaltits; and 
the position of which, as described by Dr. Robinson, a few hours to the South of 
Beersheba, at the very border of the plain of Gaza, exactly corresponds with that 
of the Egyptian town. The name is that in fig. 157; and the powers of the 
characters are xANaLutA, or xeNLut. It is well known that the Hebrews were 
in the habit of dropping the N at the close of a syllable, when followed, as here, 
by another consonant. The two names, therefore, coincide as nearly as could be 
expected. I shall have to return to this name when I come to consider the power 
of the last consonant in it. The character now before us is used on the tomb of 
Teta, where, however, it may be ideographic; but it is decidedly phonetic in 
Lepsius, ix. 11 (stele in the Louvre), which belongs to the second period. 

35. A reed (S3; 83) represents s, beg interchanged with S 1 and 8S 2, 
in the name of Rameses the Great, at Abydos and elsewhere. Enough has been 
said in the first part to show that the quail, which often accompanies it, was an 
expletive, and not, at Lepsius and others have supposed, a complement. I will 
add, however, that in the name which Manetho in Josephus represents by Las, 
the terminal syllable is sometimes represented by the reed and quail, Su (fig. 158), 
and sometimes by the following character, and its expletive, which we shall see 
was equivalent to Sa (fig. 160). Both these forms occur in the great hall of 
Karnage, in the sculptures of Seti I. (H. I. 5, Nos. 25, 35); and this proves not 
only that the consonants were equivalent, but that the vowels were not sounded. 
In this word, which I read SXuS, supplying the vowel on the authority of Jo- 
sephus, I have no doubt that we have the Sxv@ai of the Greeks, who converted 
the sibilant, which was in this word probably pronounced soft, as in rose, into @, 
having no letter in their language properly corresponding to it. The Greek ¢ 
was a double letter, and, therefore, could not have been equivalent to this. If we 
may believe the Sanscrit work already mentioned, it must have had the power of 


our 7; for Gvyov and Zevs are transcribed by jika and Jiva, Sta. The latter 


i 


of the Letters of the Hieroglyphic Alphabet. 215 


word seems to intimate not only that the ¢ was pronounced as j, but that the ev 
was sounded ev, as it is in modern Greek ; and this is confirmed by the Talmu- 
dic transcription of evyevys, which is 0)272N. It must be observed that this cha- 
racter, or one exceedingly like it, when doubled, is not equivalent to SS, but has 
a peculiar syllabic value. This is sometimes written differently, as in fig. 159, or 
fig. 161, but the distinction is not always attended to. 

36. A quiver, called by some a weight (S4; s4), is interchanged with the 
preceding in the word SXuS, which we have just been considering, lest any one 
should suppose that its value was the soft s, or 2, as distinguished from the hard s. 
I refer to transcriptions IV., 3, 6,12, in which it corresponds to w. _ Its first use 
as a phonoglyph was as a syllabic sign. It is found, Sharpe, 38, 8 (second period), 
and again, Lepsius, xii., horiz. line (fourth period), between S1 and A 1, which 
together represented its value SA; but in the age of the papyri it was used as al- 
phabetic, being the most frequent representative of s in foreign words. It takes 
for its expletive the small vertical bar, which of course replaces the eagle. In 
pure Egyptian words it is rarely found; originally it was an ideoglyph, and as 
such it was for the most part used in all ages, when not forming part of a proper 
name or foreign word. It signifies ‘the back, or rear,”’ perhaps, from the place 
of the quiver being at the back of the body; and was equivalent to three other 
characters, the hinder part of a lion (fig. 162), and two others (figs. 163 and 
164), which may perhaps have been intended for the back of the head, and the 
back bone and ribs of an animal. All of these were pronounced SA, Coptic ce. 
The two latter occur frequently in the phrase WoN eMSA, “to be at the back 
of,” i.e. to attend upon. 

37. A flying crane (P 2; p2) is the constant representative of the masculine 
article in the age of the papyri. In combination with the pronouns, it is indif- 
ferently used with and without the eagle after it; and when the square mat is 
substituted for it, it takes the quail instead of the eagle. There could not be a 
more satisfactory proof that the article was P alone, and that the eagle is an ex- 
pletive. This character was used at least as early as the third period, in the 
beginning of which it occurs in the name of Pehri, the tenant of one of the tombs 
at Ilithya. I have already spoken of the combination of the flying crane with 
the leg, VP, to represent the sound of b, which had no proper representative at 
Thebes in the age of the papyri. 
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38. An unfledged bird (U 6; u 6) is generally admitted to be equivalent 
to the cerastes ; like it, it has only the consonantal powers of the other letters in 
this class. It is used in the papyrus in the word VA, or Val, ¢o bear, Coptic 
ge!, which is very common. In this word it is always followed by the eagle, 
which I take to be its expletive. Champollion gives this verb as written with the 
cerastes and the eagle, and with the wnfledged bird alone. He also gives a word 
signifying “hair,” composed of the unfledged bird, U 3, and its expletive, 
which I should read VU ; the Sahidic equivalent is &w, or gus. In the annals 
of Thothmos III., Lepsius, xii. 34, this character occurs with a consonant after 
it; it occurs also in the names of chiefs of the Khuta at Karnac; and in the pa- 
pyri it is used in several words. In these last instances it is always followed by 
a vertical bar, which, I presume, is equivalent to the other expletive, the eagle. 
I suppose that the vowel belonging to the word signifying “to bear’ was I, 
which might be expressed or understood, as in other instances ; hence Vi would, 
according to my notation, express the three forms Val, Va, and V, which are all 
in use. Ido not recollect to have met this character in any inscription earlier 
than that of Thothmos III., in the fourth period. I believe the cerastes was in 
the earlier ages used in the word signifying “to carry,” but cannot refer to any 
instance. 

39. A pair of uplifted arms (K2; k2) is used in all ages; but I am not 
sure that it was alphabetic till the third age. Its value is determined by the 
names of two African people, found at Karnac (figs. 165 and 166), which are ob- 
viously the ToxAcov and Kadaa of the Greek inscriptions of Axum and Aduli. 
In the former of these the three mouths are to be read LU; the triplication of a 
character being often equivalent to the addition of U, the third vowel, as its du- 
plication is to the addition of I. The eagle in this name seems to be an exple- 
tive, but this is not certain. This value is confirmed by the mode of writing the 
word, signifying “ a furnace,” on the sarcophagus of Seti I., which has sometimes 
a basin, K 1, prefixed to the present character and the mouth, which elsewhere 
constitute it alone. The word is identical with the Hebrew 72, Aur. It occurs 
with a vertical bar in the name of a country (fig. 167), which follows that of 
Khalay, fig. 19, in Pl, 25, 1. 1; the last syllable has been explained in the first 
part. I read it NeKTeR, but have not been able to identify it with any known 
city or country. From the mode in which it appears in this word, as well as in 
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fig. 165, it appears to me plain that it is not a syllabic sign for ker, as the other 
two instances might render probable, and as I think it likely that it was at an 
earlier period. In TiK, “a spark” (Sahidic T1K), which occurs on the sarcoph- 
agus of Seti I. and in other words, which will be found Pl. 17, |. 2, Pl. 23, 1. 4, 
Pl. 30, 1. 1, &c., it is clearly alphabetic, and was so at a much earlier periop, 
though I cannot say how early. In the inscriptions at Wadi Magara, Brut. 
E. H. 12, which are of the third age, it occurs frequently, forming a part of the 
name of that place, which was the land of MaWAK, fig. 169. This word sig- 
nifies “‘copper,” or rather “ copper ore,” having the determinative sign of stones, 
in place of that of metals, which it usually has. In the principal inscription, Hat- 
hor, Venus, is called the mistress of the copper country ; a curious coincidence, 
to say the least. 

As the primitive use of this character as an ideograph, and afterwards as an 
ideo-phonograph, is important to ascertain, and as it appears to me that much 
mistake has prevailed in respect to it, I will state my views on the subject. The 
original meaning was “the arms;” so it is repeatedly used on steles of the twelfth 
dynasty, both with and without the vertical bar. In my paper on the stele I 
read it Az, and translated it “reception ;” connecting it, as others had done, with 
the Coptic 61. This, however, is a false relationship, the word being used with 
the preposition from, as well as with ¢o, as Pl. 12, 1. 8; and in the plural, several 
givers being mentioned, PI. 20, 1. 5. It does not then imply receiving, but the 
arms, as used in either giving or receiving. It signifies, secondly, ‘a stand,” in 
the shape of a pair of arms, such as is represented on many steles, on which offer- 
ings, and particularly chiva, the perfume in common use, were placed. In this 
sense the word is used Pl. 21, |]. 3, “ great stands of chiva;” and in PI. 87, 1. 2. 
Rameses the Great is praised for having “filled the stands with chiva.’’ In this 
sense the word is used in several royal preenomens, and that so early as the fourth 
dynasty ; for in the tomb of Teta a female is mentioned, whose name is evidently 
derived from such a prenomen. It also signifies, as a verb, “to uphold,” or 
“bear by the arms ;” and, as a noun derived from this, a “bearer,” applied in 
various sculptures, as Wilk. pl. xlvii., to these who are represented bearing a naos 
or palanquin. In this sense also it is used in at least one prenomen, that of 
Queen Amunet, who called herself ‘ Pharaoh the upholder of truth.” In none 
of these senses have I been able to discover any cognate words in Coptic or in 
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any other language ; but they are all clearly connected together, and in all of 
them the character may be considered ideographic. It is also used, followed by 
the semicircle, T 2, and often by one or two determinative signs, to express, as 
I conceive, ‘work.’ Champollion supposed this to be the Coptic KwT, to 
build; but the word is applied to works generally, as in the inscription on the 
funeral images, that, for instance, of King Seti I., “to do all the work which is 
to be done in Hades,” including ploughing, reaping, and other works, but not 
building ; it seems elsewhere specially applied to ploughing. Now the root kri 
or ker, in the sense of working, occurs in many of the Indo- Germanic languages, 
and in the Sahidic @pe signifies “to plough or dig:” cf. 442, 772. In the north 
of Ireland it is common to use the word “labour” in this sense, “he laboured a 
field,’ meaning he ploughed it. This may have been the case in Egypt also. 
I believe, then, that the word before us should be read Aref or kert, taking the 
initial character as syllabic, equivalent to KR, and the semicircle for the forma- 
tive of the gerund or verbal noun, as it is in a great number of other instances. 
In this sense, in which the character is a syllabic sign, and no longer a pure ideo- 
graph, it is found in Sharpe, 82, 5, a monument of the third period. Again, it 
is used often with one or more determinatives, to express ‘‘a bull,” “ a husband,” 
or “a hero,” all ideographically connected with each other, though not with any 
of the preceding significations. In the latter sense it occurs in the titles of Ra- 
meses the Great; ‘the Horus, the victorious (bull or) hero,” which in Her- 
mapion’s translation is rendered ’AvroAA@v Kparepos. This may be compared with 
the Coptic xop, “brave, strong,” and xpo or 6 po, “ to conquer, to be of good 
courage,’ Deut. xxxi. 6, where the LXX. have avdpicov. ‘This corroborates the 
inference already drawn, that the character was a syllabic sign for KR before it 
was a letter, and that the vertical bar implies R, not A. If so, the eagle, when 
it follows this character, ought always to be sounded. I will only add that this 
character, with the vertical bar, is followed in the sculptures of Shishonk, at Kar- 
nae, by the phallus, as determinative sign of a bull. The three characters I take 
to be no more than a single K, though they might be kur or ker; but I have not 
identified to my satisfaction any name in which they are found. 

40. A tuft of water-plants (H3 ; h3) is clearly used either for H, or as a 
syllabic sign for HA. In the scupltures at Medinet Habu, “ straw” is expressed 
by T 4, H 3, and Al. The Coptic is Tog, and after what has been said on 
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the nature of expletives generally in the first part, I need not waste time in 
proving that the eag/e ought to be considered as an expletive, and not as a vowel 
transferred from its proper place in the middle of the word. I admit, however, 
that this character was first used as a syllabic sign for HA. It was the plant of 
the North, which was considered as the front, as the East was regarded as the 
right, and so with the other cardinal points. Ha was the old Egyptian word for 
“front; and hence the syllabic value of the character which preceded its alpha- 
betic value. In the earliest times it was, I believe, exclusively an ideograph. In 
a stele of Mr. Harris’s (H. I. 1), which appears to be of the third age, the word 
signifying “naked,” which I read Hai, is written as in fig. 170; the last charac- 
ter being a determinative sign following words signifying anything connected 
with clothing. The syllabic sign is here completed in the fifth manner, by pre- 
fixing H1. Ata later period this word was written as in fig. 171, the syllabic 
sign being completed in the fourth manner by adding A 1. ‘This is the form 
given by Champollion (Gr. p. 203) from different copies of the Ritual. On the 
sarcophagus of Seti I., S. E. I. 66, the preposition Ha, before (Copt 9,2.), which 
is sometimes expressed by this character alone, is completed both in the third and 
in the fourth way. The present character occurs in many other words, which 
are sometimes written with the eag/e after it, and sometimes not. If the princi- 
ple of expletive characters were not already established, it might be difficult to 
prove that this eagle was not a part of the words ; but, that principle being ad- 
mitted, it is more natural to suppose it an expletive, and the case of Tog, already 
mentioned, seems conclusive. It was used alphabetically in the fourth period, 
if not in the third. 

41. A lion’s front (H4; h 4) is used, like the last character, to express the 
fore part of any thing. Originally, it was ideographic, and continued to be used 
so in the word ha or he, “ the front,” which is expressed by the character, either 
alone, or more commonly with a semicircle after it, denoting that the word is of 
the feminine gender, or a semicircle and vertical line. It was used, however, as 
an alphabetic character in the word Hay, where the arm follows it, which signi- 
fies “a chief, leader, or beginning ;” and in HiT, or rather HeTI, “a heart,” 
fig. 172, which is in Sahidic 9,7, as well as 9,HT. The distinction which the 
Egyptians made between this word and Me, fig. 52, has not, I believe, been 


yet ascertained. The latter may have been regarded as the organ of thinking, the 
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former as the seat of the affections. In some foreign words in the papyri, the 
arm follows this character in the manner of an expletive ; but, as I have not 
identified any of these words with Hebrew ones, I cannot be sure that it was not 
sounded asay. The character was used in all ages. 

42. A concave stone (115; h 5) is the ideographic representative of a moun- 
tain, or rather, as it appears to me, the hollow of a mountain, a cave or a pass at 
the top of a range of mountains.* The character, when thus used, is followed by 
a vertical line, equivalent, I believe, to a quail, with the determinative sign of 
stones, fig. 168. Champollion considered this equivalent to the Coptic Tusore, 
“a mountain ;” but I read it HU or HeV, regarding it as connected with cav-us, 
&c. That it was used alphabetically appears to me obvious from the word signi- 
fying “a cow,” already referred to (tig. 143), which I read WaH, connecting it 
with vacca ; and from that signifying “ wicked,” which consists of the character 
followed by two quails, representing the Coptic 9,00. Ihave never seen it used 
with an expletive ; but should presume that, if it had any, it would have the 
quail or vertical line. It was certainly used in the third age. 

I now come to characters, the value of which, as well as their alphabetic na- 
ture, admit of dispute. 

43. A pair of legs (13; 13), was supposed by Champollion to have the power 
of H; while Lepsius made it a T, and affirmed that it belonged to the later ages 
exclusively. It occurs in the word which I have represented in fig. 173, and 
which is used in steles of the third period as synonymous with fig. 174, which all 
admit to correspond with the Coptic 1, “to come ;”” at least, when the expletive 
is omitted, as it generally is. The two leaves, one of them standing on a pair of 
legs, are a modification of I 1, which was only used in this word. This is the first 
character in the name of the God of Medicine, which is transcribed Tuov@, and 
which signifies “welcome.” Now, in the steles referred to, fig. 173 is used 
precisely in this sense, as in Sharpe E. I. 17, 5, “ May * welcome’ be said to him 
by the Lords of Abydos!” For this we have in E. I. 78, 8, the form in fig. 174. 
Accordingly, I take the pair of legs to represent I, and the quai/ to be its exple- 


* What has been usually translated ‘‘ the solar mountain” is certainly the horizon; where, 
according to the Egyptian notions, the sun issued from, or went behind, a mountain, passing 
through a sort of gap at the top of it. 
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tive. In this word, the character may be regarded as ideo-phonographic ; but in 
the age of the papyri I find two instances of its being used alphabetically. The 
name of an Asiatic people is written indifferently with this character and with I 2; 
compare the lists of the prisoners of Amenotp IIL., Seti I., and Rameses II. The 
true reading appears to be K 3 (N11), 12,or3(U 1); the second and fourth cha- 
racters being expletives ; but the copies that have been published are, some of 
them, incorrect. Again, the poems in the Sallier MS., No. 2, and the Anastasi 
MS., No. 7, are all followed by a word consisting of this character, u 1, s 1, pale 
and u 1, which appears to signify “an end.” I read it ISeP, taking the second 
and last characters for expletives. The use of the character as a constituent in 
this word can only be accounted for by regarding it as alphabetic; and if it were 
so in this age, I must, on the principles previously laid down, admit it to have 
been so in the third age, where it is used with an expletive. 

44. A pair of quails (14; 14) sometimes represents wv, as in the word sig- 
nifying “‘ wicked,” cited under No. 42; but it occurs in several other words 
where this value is scarcely, if at all, admissible. On the authority of two words 
I suppose that it was used to express I. One of these words has been already 
cited under No. 40, see fig. 171, compared with fig. 170. The other is the fe- 
minine noun, signifying “a way,” which has been referred to under No. 25, It 
is written in one of the papyri (Pl. 20, 1.8), as in fig. 175; while in the stele, 
Sharpe, E. I. 78, which is of the third age, the wo quails are omitted, which 
could not have been the case had they represented more than one vowel; and in 
the sculptures at Medinet Habu the two eaves are used in place of them, as in fig. 
141. I read the word in every instance W7, not Wau or Wauu. Two quails 
occur together on a stele in the Louvre (Leps. ix), which is of the second age ; 
but I cannot explain the word where they occur, and have no proof that here, or 
elsewhere before the age of the papyri, they constituted a single character ; 
though I think it highly probable that they did. This character had no expletive. 

45. A pair of eagles (1 5; 15) was used in the word signifying “to see,” 
from a very early period, and appears to express a single letter, which cannot well 
be any other than J. Indeed, the characters having this value are all pairs. The 
word occurs in an inscription of the second period, E. I. 38, 11, written as in fig. 
177. Elsewhere the two last characters are omitted; the eye, which was at first a 
determinative, placed irregularly, for convenience of grouping (cf. fig. 74), being 
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now used as phonetic. So in Sharpe, E. 1.6, third period. The phonetic value of the 
eye is admitted on all hands to be Zri or 1; and the word must, therefore, be read 
MI. The pair of eagles is also used in a proper name which occurs on a stele 
in the British Museum, dated in the 6th year of Osortasen II. Its alphabetic use 
at this early period appears to me unquestionable ; like the preceding character, it 
had no expletive. 

4.6. A tooth (h G) occurs as an element in a considerable number of proper 
names and other words in the papyri. It is accompanied by the same unmeaning 
expletive, already noticed as accompanying the hierographic arm. The corres- 
ponding hieroglyph is always, I believe, used ideographically till a period much 
later than this, when it represented H in the preposition her, with (Ch. Gr. 
p- 472, zt. Tiberius). In early times it was used as a determinative sign after 
the word soVHe (Coptic o&9,€), for which it sometimes stood alone, and some 
other words. The hierograph before us is used in the Ritual and other late MSS. 
for the initial in the name of the God Har, which at an early period was written 
with the face, when not expressed symbolically by the hawk. From this it is fair to 
conclude that this was the value of the character in the age of the papyri ; and this 
conclusion is confirmed by the Coptic root, which appears to be akin to one of the 
words (fig. 178) which occurs Pap. Pl. 95, 1. 6. Dropping the expletive, I read this 
KoLHeT. The meaning is “clothing,” and I connect it with the Coptic xoAg,. 

47. A tusk (H 6), called by Chevalier Bunsen a bent stick, is admitted to 
have had the value H in the sixth and subsequent ages, when it was used in 
words where H 1 was used in earlier times.—See Champ. Gram., pp. 335, 471, 
473, 474. It is used, however, in the third period, if not before it, followed by 
T 4, in the name attached to the winged globe, which is so common in the sculp- 
tures ; and there is not the slightest reason for supposing that it had in this word 
any ideographic or syllabic import. Its origin is apparently the same as that of 
the last character. It is used as a determinative sign after the word noV He, “a 
tooth,” and other words signifying biting or chewing; and also after AV, 
“ivory” (Leps. xii. 16, e¢ al.), which seems to me conclusive as to what the cha- 
racter was intended to represent. Hence both this character and the preceding 
came to represent the final letter in the word NoVHe; as in the case of HoV, 
and the cerastes. I have never seen the hierographic form of this character, and 
have some suspicion that words written hieroglyphically with the ¢wsk would be 
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written hierographically with the tooth ; but, having no proof that this is the case, 
I keep the two characters distinct. Iam not aware that the tusk had any ex- 
pletive. 

48, A vase in a stand (C 2; ¢2) has been valued as T by both Champollion 
and Chevalier Bunsen; solely, I believe, on account of the name of Cambyses 
being written with this character as its final on the Cosseir Road; whilea T 1 is 
used on a statue in the Vatican. I wish the reader to refer to what I have said 
on the long: serpent, No. 30, to which I consider the present character equiva- 
lent. It will appear clearly from what I have there said that this interchange is 
not conclusive ; and indeed the fact of the Greek transcription of the name being 
KapBvons, not KapBvrns, seems to neutralize all its force ; leading to the con- 
clusion that the true name was Kambuch, and that it would probably have been 
expressed in Hebrew by y115 with a Dagesh in the Beth.* The occasional omis- 
sion of the final sibilant is like the omissions of it which I have noticed under 
No. 30 (3). The equivalence of this letter to the Hebrew x appears from the 
transcriptions III., 6, 7, and from that noticed under No. 34. In two of these 
cases, as in the name of Cambyses, the Greek represents the character before us 
by a o; while in the third it has a 7. It is clearly represented by x in the word 
sigmifying “head,” which occurs repeatedly in the papyri, as Pl. 90, 1.6; con- 
sisting of this character twice, each followed by its expletive, the eagle, and at the 
end of the word a head for a determinative sign. This I represent by CoC; and 
it is obviously the Coptic xuwx. Another word in which it occurs (fig. 179) 
has been identified by Champollion with the Coptic 222: Tot, “asoldier.”” From 
the determinative signs, however, with which it is used, Pap. Pl. 11, 1. 10, from 
which the figure is taken, it is plain that it is the name of a foreign nation; and 
though it is possible that the Coptic name of a soldier may be derived from that 
of this people, which may have supplied the Egyptians wich the greater part of 
their mercenaries, I cannot admit it as certain. At any rate, the word, if thus 
originating, would probably have undergone corruption in the long interval 
between the time anterior to the twelfth dynasty, when the poem contained in 


* The name of Cambyses is written at Bisitun Aabz/i, that is, with the softened sound of ch. 
The corresponding Hebrew would, I presume, be 3122. This newly-ascertained fact is a strong 
confirmation of the value which I had previously assigned to this letter. 
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this papyrus, in which this people are mentioned, was written, and the formation 
of the Coptic language. Champollion’s identification of a verb consisting of this 
character preceded by the quail with the Coptic oooTe appears to me still less 
to be depended on. This word signifies “to excel ;” whereas the Egyptian word 
is translated by Champollion, ‘to pass, to set out.” Another Coptic word, o«oT, 
“¢ other,” when joined with the particle e&0A, is used to signify “to be separated 
from; and Champollion endeavours to deduce the meaning of the old Egyptian 
word from a comparison of the two Coptic ones. But the old Egyptian WeC, 
as I write it, signifies sometimes “ to pass, or be carried,’’* and sometimes “to be 
happy or pleased.” It is, then, fully as natural to connect it with qo as with 
ovot. The former signifies literally “to leap up,” as in Acts, ili. 8; and meta- 
phorically “to exult.” Another word consisting of this character alone, or followed 
by the pair of leaves, CI, signifies “to traverse ;” it is used of the sun passing 
through the heaven; and I regard it as the root of the Coptic xo1, and the Hebrew 
sz, “a ship.” I do not bring these Coptic analogies forward as conclusive on the 
subject, though I think the latter tolerably clear ; but merely to shew that those 
adduced by Champollion are inconclusive. I depend more on the word signify- 
ing strong or strength, which is in Sahidic Goxx. This I take to be signified 
by abbreviation, by the character before us in the formula found in figures 92 
and 93, signifying “ living in strength and health.”” The latter word is frequently 
found written in full, SaNV; a waved line and a leg being added to the single 
character which here represents it. This word is generally accompanied by 
another consisting of the cucupha sceptre, with or without the owl or half arch; 
and it is now generally admitted that this signifies “strength ;” though Cham- 
pollion translated it “purity.”’ I consider it to be equivalent to the vase in a 
stand, both representing the Sahidic Coax. The name of this sceptre is com- 
posed of C 1, y 1, and M3, and it is a peculiar letter, equivalent, as I conceive, to 
these three when it stands alone, or to the first two when it has an owl or half 
arch for its complement. To this the horse’s leg, the natural symbol of active 


* In the representation of the panegyric of Harsaphes at Medinet Habu, Wilk. lxxxvi., it is re- 
peatedly applied to the king borne on his palanquin, as he is represented. The Latin veho (Fy 
and in Zend vaz), may therefore be more akin to the old Egyptian word than the Coptic one. The 


connexion between being carried and being happy appears in the Egyptian word ATP, as well 
as in this. 
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strength, is altogether equivalent. It occurs in the prenomen of Necho, “ Pha- 
raoh the strong (or active) hearted.” This word is frequently used in connexion 
with that which signifies “ gold,” or “a precious metal ;’’ and frequently the pe- 
culiar initials are used intersecting each other, as in fig. 176, which is CoyoM NuV, 
“strong or hard, i.e. alloyed gold,” not “pure gold,” as Champollion and Ro- 
sellini imagined. The latter has given a plate, in which the goldsmith is repre- 
sented forming this “hard gold ;” evidently by melting together gold and cop- 
per, or some other alloy, in a crucible ; and has interpreted the hieroglyphics as 
if he was purifying the gold,—the very reverse of their meaning ! From this use 
of the word it came to signify, when the sparrow was added to it, the usual de- 
termination of what is bad, ‘to pervert or corrupt,” the Sahidic Coogan. 

On the whole, I feel confident that this character is equivalent to the long 
serpent, and that it could neither have been a T nora K. I regard it as most 
probably CH, but, if not, as TS. Its expletive was the eagle, and it was used 
at least as early as the beginning of the third period (Sharpe, E. I., 86, 6). 

49. A weight (K 3; k3) was used in the second period (Sharpe, E. I., 36, 1), 
and had for its expletive the leaf. That this is to be considered an expletive, 
and not a complement, follows from the establishment of the general principle, 
and needs not to be maintained separately. Its value was considered by Cham- 
pollion to be SH, because, as he said, the word signifying “ cat,” answering to 
the Coptic wa, began with it. He was followed by Lepsius ; but Chevalier Bun- 
sen, considering that argument inconclusive, as the letters which had the value of 
KH became gj in Coptic, gave this letter the syllabic value xa. I find, however, 
that aj sometimes represents the K of the old language as well as X and SX. 
The basin and square mat, KaP, corresponding to the Hebrew »2, “a palm of 
the hand,” is represented by the Coptic qort; and I think there are other in- 
stances, though not equally certain ones. The weight may, therefore, have been 
K; and that this was its true value appears to me highly probable from two con- 
siderations ; in fact, I have no doubt of it. This character represents the particle 
of similitude, “as, like ;”’ and as such corresponds to the Hebrew 3, and there 
was no other slender, upright form of K; while the water plant, X 2, was such a 
form of X. I may add, that a character like the determinative sign in fig. 171, 
and not unlike the hierographic form of this letter: a character which I take to 
be an abbreviated form of it, is used as initial, with the /eg, the semicircle, and its 
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expletive after it, in the name of the town which the Greeks called Kozros, and 
also in the name of “jasper,” KaSPe, answering to the Hebrew 75w’. The etymo- 
logical connexion between Y and G, which the Egyptians at Thebes did not dis- 
tinguish from K, is well known. 

50. An aze-head (K 4; k 4) was considered by Champollion to be a x, 
being classed by him with Q 1, C 1, and the two syllabic signs related to it, the 
cucupha sceptre and the horse’s leg. Chevalier Bunsen has omitted it from his 
list of phonoglyphs, though it occurs in some common words. He has, however, 
in his list of Egyptian words corresponding to Coptic ones, given one of these 
words as Kerhu, corresponding to the Sahidic Cwpg,; but it appears from 
p. 680, that he regarded the initial in this word as the footstool, a syllabic sign, 
having the mouth for its complement, which he reads ker, but which is, in my 
opinion, certainly wel. The two characters, which Chevalier Bunsen must have 
regarded as identical, are never confounded in any hieroglyphic text; and though 
the hieroglyphic forms are similar, the hierographie ones have no sort of resem- 
blance, as will appear from the hierographic form of the word we/, “ under,” 
given in fig. 180, compared with k 4. This character was used in the first age ; 
the name of a kind of panegyric, WeK, which concludes with it, occurs in the 
inscription on a tomb at Ghizeh ( Burton E. H., Pl. 27). In the papyri it is of fre- 
quent occurrence, its expletive being the eagle. With respect to its value, the above 
Coptic equivalent of KoRH would be consistent with its being either K or C; but 
the transcription IV. 3, seems to prove that it had not the latter value; and this is 
confirmed by the use of this character to represent the second letter of 57219, at Kar- 
nak (Ros. M. R. 133); while in the papyri it is represented by a basin, as in fig. 98. 

51. A chenalopex (SW 1; sw 1) occurs in the names of the chiefs of the 
Khuta, im such a manner as to prove that it was used as an alphabetic character ; 
and, though I consider it to have been originally and properly a syllabic sign, I 
think it stands on the same footing as Nos. 31 and 33; and that it should be ad- 
mitted into the alphabet if they are. The name of one of these chiefs is given, 
fig. 181, which I read XuTASWeR, an Indo-Germanic compound, signifying 
“ Lord of Khuta.”” This name alone I should consider conclusive evidence that 
the Khuta were not the Hittites. The third character is a syllabic sign for TA, 
which is sometimes completed in the fifth manner, as here, and sometimes in the 
third, the eagle being added. The fourth character is the chenalopex, with the 


ara 
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vertical bar for its expletive, constituting a word, which is transcribed by oz and 


oe, and has heretofore been read SI, but which I propose to read SWI, supposing 
that to be both the name of the bird and the word signifying ‘‘a son.” I con- 
sider this word to signify “begotten,” as SeV, or SeW, the name of the father 
of the five principal deities, signifies “the begetter.”’ It is etymologically con- 
nected with w-os, and with our SO-N; which word, variously modified, is used 
in the same sense in all the Gothic, Lithuanian, and Sclavonic dialects, as well as 
in Sanskrit, where its root appears, SU, “to beget.” This character was used 
in the first period in the sense of “son,” being found on the tomb of Teta, 
In the third period (Sharpe, 80, 14) it occurs in the name of the God already 
mentioned ; which I consider to be a completion of the syllabic character in the 
fourth manner. In the name of the city of Neith it is completed in the fifth 
manner, S 2 being prefixed to it. I read this name SWal, the character now 
before us having in this instance the power of W, in the same manner as No. 31 
was shown to have in certain words the power of X. It has been said that this 
character has in Greek and Roman proper names the value S. The fact is, how- 
ever, that it only occurs in one proper name, SeBaocrn, where it precedes the leg, 
and with it represents the syllable 2B. The egg was used for the chenalopex, 
to signify “son,” in the age of the papyri, but I believe it was so used ideographi- 
cally. In the later ages it was used as a letter having the power of S; but with 
that I have at present no concern. 

52. A cruciform flower (U7; u7) is used in the eleventh line of an un- 
published stele in the British Museum, dated in the sixth year of Osortasen II, 
to express the syllable UN. In other steles of the same age, it is completed in 
the fourth manner, by the addition of N 1; where the same word occurs, which 
is HUN, new. In the fourth period we have the character occurring in the 
word represented in fig. 143, WaH, “a cow.” This implies that it had now 
become alphabetic ; and yet, so far as my observation goes, this is the only word 
in which it is not followed by N; its name is unknown. The hare, with which 
it is often interchanged, and which was always syllabic, was probably WoN ; and 
this may have been for distinction UN. 

53. An unknown object (X 3; x 3) is used ideographically with the semicircle 
and vertical line, implying that it is of the feminine gender, to express some part 


of the body; and, though Champollion thought otherwise, this is clearly ‘the 
71S cw 


228 Rev. Epwarp Hincks on the Number, Names, and Powers 


chest, or stomach ;” for on the sarcophagus of Seti I. (Sharpe, 63, 62), the de- 
ceased king is addressed by the fourth of the genii of Amente in these words: 
«Tam thy son, Iam come to attend on thee,....... to bring thee thy heart, 
to put it in its place in thy chest.” Again, Pap. Pl. 14, 1. 4, 5, it clearly denotes 
the receptacle of food: ‘¢ His victories are his arms for filling his stomach ; as the 
bees eat of their labours.” In both these instances, the present character, which 
must, I think, have represented some object,—I cannot conjecture what,—the 
name of which was identical with that of the chest, or torse, is used for the words 
in Italics. Hence it is used by synecdoche for the whole body or person, as im 
the common expression, ‘his son of his body,” i.e. “his own son.” From the 
false notion which Champollion entertained as to the primary meaning of this 
word, he identified it with the Coptic o«w; whence he assigned to the charac- 
ter the alphabetic value ow or us. In general, however, he treated it as an ideo- 
glyph, dividing the words in which it occurred into two. It is scarcely to be con- 
ceived into how many absurd mistranslations Rosellini and he were led by this 
one error. Lepsius rightly identified the group consisting of this character, R 1, 
and T 4, with the Coptic Dpoti, “children.” Champollion had imagined it to 
be put, “a race ;” taking the initial character for a determinative sign trans- 
posed, and regarding the actual determinative sign as a separate word, “ of 
children.” But Lepsius supposed the mouth, which follows this character in this 
word, to be its necessary complement ; whereas I regard the character as alpha- 
betic. It is, in fact, found preceding other letters, as in the word x 3, t 2, u4(ul), 
XoTeV, “to kill,” which is evidently the Coptic Huot e8; and in x3,s2,12, XeSI, 
an epithet of the chief of the Khuta, and also of Kush and other hostile people. 
I identify this with the Coptic Dict or Doct, lassus, fatigatus, and translate it 
“‘wretched.”’ It is evidently an epithet implymg contempt and hatred, which 
may well be derived as I suppose. Champollion’s translation of this word as 
two, “the wicked race,” is inadmissible, because in the Sallier Papyrus, No. 3 
(Pl. 32, 7), it is distinctly used as an epithet of the chief, “the wretched chief of 
the vanquished Khuta.” In these two words it appears to me impossible to sup- 
pose that an R was to be introduced after this initial character. Another word 
which commences with this character appears to me to contain its expletive. It is 
X 3, y1,q1, ul, which occurs Pap. Pl. 14, 3, 4, followed by the symbolic eye, or the 


ideograph which on the Rosetta stone is translated iepov Koopov, and other deter- 
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minatives. This appears to me radically connected with apn, and I accordingly 
reject the arm as an expletive. In confirmation of this, it may be stated that 
Chevalier Bunsen, though he states the character to have been originally sylla- 
bic with the value xer, admits that it was subsequently xa, being completed with 
the arm. This remark implies that he, or Dr. Lepsius, or Mr. Birch, had met 
with some word in which the arm sometimes followed it, and sometimes did not. 
According to their view, such a character should be supplied when not expressed ; 
but according to mine the inference should rather be that it was an expletive. I 
have not noticed the character as in use before the second period, when it occurs 
as an ideoglyph on the stele in the Louvre, Leps. ix., and as a phonoglyph in 
Sharpe, 38,4; but as this word is found written in Sharpe, 80,9, without the mouth, 
which here follows it, and as the same thing occurs in respect to X PoTi in Sharpe, 8 , 
I infer that this character was in the second and third periods a syllabic sign 
for xer. In the age of the papyri, however, it had become decidedly alphabetic. 

54. A coil of rope (M 4; m 4) was valued by Champollion as an M. Lep- 
sius supposed it, when followed by a mouth, to express the syllable rer. Cheva- 
lier Bunsen adopts this value, though, it would appear, with some misgivings, 
placing the character among his mischbilds. 1 am satisfied that Champollion was 
in this instance right. The character occurs as initial in the word MuR, “to 
surround,” Coptic 2xo~p, and in MNa, “a weight,” etymologically connected 
with 729 and pva, and probably not differing much in value from either. This 
word occurs frequently in the historical inscription of Thothmos III., at the 
Louvre, the metals yielded by the vanquished nations being numbered in it, 
while the liquids are numbered in the MeN (written as in fig. 8), a measure 
evidently derived from the same root, which we find in men-sura, as well as in 
the Hebrew m2. This character also occurs in a word of unknown meaning 
(Sharpe, 80, 11), P1, X3, M4, to which should perhaps be added N 1; and in the 
adverb TuM, also, which occurs on the statue of Queen Amunet in her nurse’s 
arms (Sharpe, 170, 30). This appears to me connected with the Coptic Twas, 
conjungere. ‘This character is never used, so far as I am aware, with an exple- 
tive. It was in use in the second period, occurring Sharpe, 38, 4. It is formed 
in two ways, both of which are given in the plate ; and it must not be confounded 
with a somewhat similar character (fig. 182), which is used for UTeN, “to offer,” 
and as a determinative sign after this and other words of like meaning. 
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55. A rule, as Chevalier Bunsen calls it (T 53; 5), is placed by him among 
the mischbilds, as representing, either alone or with S 2, the word tes. Cham- 
pollion valued it as simply T, and I agree with him, as I find it prefixed to the 
preceding letter in the adverb lately mentioned, as well as to S. The reason of 
this was, I have no doubt, to distinguish this adverb from the negative particle 
ToM, which had the same consonants, and differed only in the intermediate 
vowel, but was of very different,—indeed almost opposite,—signification. This 
last word is written as in fig. 71, the sledge, however, being sometimes omitted. 
I have not met with this character before the fourth period, nor have I seen it 
accompanied by an expletive. 

56. I now come to a character, or rather pair of characters, a pike and an 
arm, as to the power of which I am more in doubt than as to that of any other. 
I regard them as forming one compound letter ; they will be found in the alpha- 
bet as O 1, 0 1; the pronunciation being, as I conceive, as that of o in bone, or 
as the Greek 2. This is a new value, and to some it will appear a very extraor- 
dinary one ; nor am [ at all sure that what I shall say on the subject will be con- 
sidered as justifying it. The first of the two characters was valued as N by 
Champollion in his latest work ; at an earlier period he made it R. The second, 
when standing alone, has been already valued by me as y. Chevalier Bunsen 
‘considers the first to be a mischbild, having for its complement the arm and eagle 
combined. This he identifies with the Coptic maa, as Champollion had done 
before him ; but he places after the Coptic equivalent a mark of doubt. Sup- 
posing the identification to hold good, the word would be, according to my value 
of the character, NayA. This word, which signifies ‘ great,” is generally repre- 
sented by the pike alone; and I conceive this to be the value of that character 
in the present group, which will thus be “ NayA yu,” i.e. “ great y;” of which 
OQ. péya is a literal translation; for, from its position in the alphabet, and many 
other considerations, it cannot be doubted that, when y passed from a breathing 
to a vowel, it represented O. In support of this opinion, I first observe that it is 
a positive fact, which admits of no dispute, that the two characters in question 
had this precise value, when combined together, at the time when the Gnostic 
papyrus at Leyden was written, i.e. in the first or second century after Christ. 
While the character corresponding to the arm (fig. 183) is transcribed by @, and 
occasionally by e, this character, with that corresponding to the pike placed over 
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it (fig. 184), is transcribed by 0 and ». Ido not bring this fact forward as 
direct evidence to prove that the group had the same value twelve or thirteen 
centuries previously ; but I think it must be admitted that it goes a good way 
towards neutralizing any argument against its having had that value, founded on its 
intrinsic improbability. I next observe, that if this be not the value of the group, 
we must, unless we reject Champollion’s identification of the Egyptian word 
for ‘‘ great”’ with ma. (and I can see no grounds for rejecting it), read it Nay, 
or simply N, supposing the pike to be alphabetic, and the arm its expletive. 
Now, the group in question occurs in a great variety of words, where it seems 
clearly to express one element of sound. For example, it begins the name of the 
second of the four races of mankind mentioned in Belzoni’s tomb and elsewhere. 
The remainder of the name is Al (U 2), M4, with the plural sign implying 
the termination U. The four first characters are sometimes replaced by the bar- 
baric club, which in fig. 16, and elsewhere, is used as a determinative sign to the 
names of foreign countries and cities. According to my proposed value, it would 
represent as a phonoglyph OA, the name bemg OAMU. Unfortunately, neither 
this name nor NAMU, nor NayAMU, is capable of identification with any known 
name.* I think, however, that the value NAyA is too complicated for it to be 
likely to be expressed by a single character; and, on the other hand, if the two 
first characters were simply N, or any simple consonant, the expression of the A 
by the eagle, attended with its expletive, between it and another consonant, is 
scarcely consistent with usage. I at one time read the name of this people 
NayU AMU;; supposing the Mynn of Gen. xiv. 5, to be intended, and the epi- 
thet “ great,” or “gigantic,” to be prefixed. This reading, however, requires 
a transposition of the characters A and U; and now that I have discovered the 
relation of the latter of these letters to the former, as its expletive, and that I have 


* It has lately occurred to me that it is the plural form of the Semitic, OY, people. The 
first of the four races, that of the Egyptians, is called the LeTU, which means, “people” in the 
Egyptian, here allied to some of the Indo-Germanic tongues. It is the very name assumed by the 
Letti, whence Lithuania. The second race may, then, very naturally, have been called from the 
Semitic name for “ people.” Belzoni supposed these to be Jews; and in the tomb of Nevotp, at 
Benihassan, they have been supposed to be the family of Jacob. Ido not admit either of these 
identifications ; but the fact of their having been made by others, shews that the appearance of 
this people in the sculptures is not inconsistent with the supposition that they may have applied 
to themselves the name which we are considering, read as I have proposed, in the sense of ‘ people.” 
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observed the frequent occurrence of the pike and arm in conjunction with one 
another, I have no hesitation in abandoning this reading as untenable. As I have 
not been able to identify any of the words in which this group occurs with any 
in Coptic, or in any other language, I will merely refer to Pap. Pl. 51, Il. 3, 4, 
and 8; PI. 57, 1.3; Pl. 58, 1.2; Pl. 89,1. 11; where, as well as in several other 
places, it will be found to occur. I have not met it before the third period, when 
it occurs in the tomb of Nevotp at Benihassan. 

I have now gone through my list of phonoglyphs which were used alphabe- 
tically in the age of the papyri. It is more likely that it will be found incomplete, 
than that any characters occurring in it will be found improperly inserted. I have, 
in conclusion, to request the candid reader to consider the disadvantageous circum- 
stances under which this paper was composed ; without the opportunity of ex- 
amining any of the monuments themselves, and without access to the most im- 
portant published copies of them. Even those works which I have quoted have 
in some instances not been consulted with a special view to this publication; 
but memoranda were made at a former period, when I had an opportunity of 
seeing them; and these have been my authorities. On these accounts, the 
work is far less perfect than I should wish; but it will still, unless I greatly 
deceive myself, be found an important contribution to the knowledge of the 
true mode of reading the Egyptian monuments. 


The following abbreviations are used in citing the works referred to as authorities for the 
forms of Egyptian words : 


B. E. H., or Burt. Exe. Hier., Excerpta Hieroglyphica, by Burton (or Halyburton). 

E. L., Egyptian Inscriptions, by 8. Sharpe. 

Gr., or Cham. Gr., Grammaire Egyptienne, par Champollion le Jeune. 

H. L., Hieroglyphical Inscriptions of the Syro-Egyptian Society. 

L. or Leps., Auswahl der Urkunden, by Lepsius. 

Pl., or Pap. P1., Historical Papyri in the British Museum, 

Ros. M. R., Rosellini Monumenti Reali. 

Wilk., Manners and Customs of the Ancient Egyptians, by Sir J. G. Wilkinson. 

Except in the case of Champollion’s Grammar, which is referred to by the page, reference is 
made to the plate by its number, and to the line, column, or figure, where the word is to be found. 


VII.—On the three Kinds of Persepolitan Writing, and on the Babylonian 
Lapidary Characters. By the Rev. Evwarp Hincxs, D.D. 


Read 30th November, and 14th December, 1846. 


SINCE my paper “On the first and second Kinds of Persepolitan Writing” 
was printed, I have received a copy of the Bisitun inscriptions of the first kind; 
and I am happy to be able to say, that they completely confirm the three general 
corrections of Lassen’s mode of reading which I proposed in that paper. I will 
mention some points that appear to me very strongly in favour of my views. 

1st. Instances occur, in which words which terminate in 33, 16, zy, or 26, 2, 
uw, when they stand alone, are deprived of the final semivowel when an enclitic 
is attached to them. Thus, imiya, “these” (as Major Rawlinson reads it, after 
Lassen), which occurs alone, IV. 80, occurs 1V. 77, with the enclitic wd, “and,” 
and is written wniwd. Huwa, “he, with the enclitic for «to him,’ is written 
hushiya i the Persepolitan inscription H. 3. This I regard as positive proof 
that, in these words, the final syllable, as the Major writes them, should be 
dropped. We cannot, however, infer that, where the semivowel was retained 
before the enclitic, it was sounded as wa or ya. This same word is, in ILI. 11, 
written Awwa before an enclitic, and yet it must have been sounded hu. In 
some words it was sounded as in har’wwashim, from har’uwa, “all,” and shim, 
“him,” II. 90; but by no means in all. According to my mode of reading, 
these words would be imé, imé-wa; hu, hi-shé; haruwa, haruwa-shim ; the 
enclitic making no change in the pronunciation of the word to which it is 
attached. , 

2nd. Instances occur in which prepositions which terminate with the semi- 
yowel, when alone, omit it in composition with words beginning with consonants, 
Thus, patiya is found alone, II. 43, and an’uwa, I. 92. Both these occur, also, 
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in composition, prefixed to consonants, as IV. 71, patikara, and I. 58, an’ushiyd. 
Surely it follows from this, that the prepositions were pronounced as dissyllables, 
pati and anu. Before a vowel the semivowel is retained, as in patiydisha, 
I. 13, 18, which is compounded of the former preposition and disha, which occurs 
alone, I. 93. 

3rd. Some new words occur, in which transcriptions or analogy of other lan- 
guages, in a manner, compel us to read the two letters as a single vowel, even 
in the middle of a word. Thus, the name of the younger son of Cyrus is, 
according to Major Rawlinson, Bart‘ia, and in the accusative, Bartiam. The 
name given to this prince by Herodotus clearly shews that its final syllable should 
be read di in the nominative, and dim in the accusative. The pronoun of the 
second person singular is, in the nominative, Phuwam, 1V.37. This would be, 
according to my mode of reading, ¢zém, which is precisely the Zend form. In 
IL. 75, we have dhwwarayd, meaning, “at the gate,” the locative singular from 
dhuward. I read this word ddrd; and it appears to me evident that it corres- 
ponds to the Greek Svpa. I will presently notice the bearing of this correspon- 
dence on the value of the initial letter in the word. 

4th. I mentioned in my former paper one word in the inscriptions of Darius, 
in which a secondary letter was used to express a syllable. The Bisitun inscrip- 
tion supplies a great number of analogous instances. Thus, No. 31 is used for 
31, 33, twice in I. 4, in the name of the father of Darius; and elsewhere, in this 
and in other words, as in I. 69, 71, &c. Major Rawlinson reads in these place. 
Vashtaspa, vdtham, &c.; I read Wishtdspa, wizam, &c. In like manner, 
No. 24 is used for 24, 26, in I. 93 and elsewhere. The Major reads here 
Nabukhadrachara, without even a distinguishing mark after the secondary letter, 
such as he used in vdtham. Elsewhere he reads khu, No. 26 being supplied. 
I read, in both cases equally, kw. 

5th. When aprimary letter occurs before ¢ or w, in a case where a secondary 
letter proper to that vowel existed, I laid it down as a rule that a is to be inter- 
posed, sometimes as a distinct syllable, but generally as a gwna, or, I should have 
added, a wriddhi to the vowel. I gave some instances of this, and I added more 
in my note. I will now give some additional ones, including some in which the 
Major’s translation appears to me erroneous, from his not having been aware of 
this rule. In I. 78, after words signifying “he rose up,” come Babiruwa 
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karam, with the primary 7 before w in the first word. The Major places a stop 
before these words, and translates them “the state of Babylonia.” I read the 
first word Babirau, taking it as the locative, and translating it with the preceding 
clause, ‘he rose up at Babylon.” The Sanscrit locative, in the corresponding 
declension, ends with the vriddhi diphthong au. In like manner, II. 15, he takes 
Madiya, as he reads it, for an epithet of the following noun, kérahyd ; but it is the 
locative, and should be read Mddé, “he rose up in Media; he said thus to the 
people.” In IL. 77 he reads awiya Hagamatdniya, and translates the two words 
in his interlineary version “‘ad Ecbatanam;” but the primary w cannot precede 
7; We must interpose an a, and thus I read awé Hagamatdné, the locative 
again, and translate “in that Ecbatana,”’ making the first word a case of the 
demonstrative pronoun, awa, instead of a preposition. 

6th. The interchange of the primary and secondary letters when, in the 
course of inflexion, the vowels which follow them are changed, appears to me 
inconsistent with the supposition that they had different values. The most 
remarkable instance of this interchange which occurs is in the words signifying 
‘a liar,” and “‘he (or they) lied.” ‘These are, according to the Major’s mode 
of reading, darwjhana and adhur‘ujiya, or jiyasha. Here are two words evi- 
dently from the same root, and yet they have not a single consonant in common ! 
The former is, according to my system, written with three primary consonants, 
and the latter with three secondary ones, having the same powers, and thus I 
make the radical parts of the words only to differ in respect to their vowels. I 
read them dréjana, adurwji, and adurujisha. These last words correspond in 
form to the Sanscrit asvanit and asvanishan, from the root svan, sono. By 
analogy the root should be durwj ; but it seems to have been the custom in the 
old Persian language, when a verb began with two consonants followed by a 
vowel, to insert that vowel between the consonants in certain of its tenses. The 
real root would then be dri, forming dréjdmi in the present, after the analogy 
of the first Sanscrit conjugation. Hence we have dréjana with all the conso- 
nants primary ones; while in the aorist, adwrujisham, the dropping of the guna, 
the repetition of the w which follows the liquid before it, and the @ of the tense 
ending, require secondary letters to be substituted for the primary ones, there 
being such in this instance in all the three cases. 

7th. The manner of forming the derivatives of roots ending in w furnishes a 
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distinct argument in favour of the identity of sound of one primary letter and 
its secondary, those which Major Rawlinson calls, after Lassen, wand v. When 
a root ending in w, which, as I have already observed, when it stands alone, is 
terminated with ww, enters into composition with a word beginning with a con- 
sonant, or combines with a termination so beginning, the w is dropped, as par‘u- 
zandnam, am’utha, from the roots paruw, am’uw, in Sanscrit, puru, amu. 
According to my method, the roots are paru, amu, and the derivatives paru- 
zhandném, amu-za. Before a word or ending beginning with a vowel w should 
in all instances be inserted. If the vowel be a it is so; thus, in II. 8, we have 
uwaspd umartiyd, evimmos evavdpos, where the root vi bene takes a w after it 
when preceding aspa, equus, though in the following word, where it precedes a 
consonant, no w appears. Now it is well worthy of notice that, when the second 
part of the compound begins with 7, the secondary form of w before 7 is imva- 
riably interposed instead of the primary w. Thus, from Babir'ush, “ Babylon,” 
as Major Rawlinson writes it, he deduces Babir'uviya, “a Babylonian.” 
According to my method, the words would be Babirush, Babiruwiya, the 
secondary w, No. 31, expressing not v, but the simple semivowel w, introduced 
for euphony, or rather necessarily sounded after w, when another vowel follows 
it without a suspension of the utterance. 

It appears to me that these arguments completely establish the correctness of 
the three general principles contained in my paper. In the two first of them I 
have been partially anticipated by Major Rawlinson and by Holtzmann, who, 
however, do not apply them to one-half the cases that I do; but the great prin- 
ciple of secondary letters I believe to be altogether my own, and it affects the 
mode of reading of a very large proportion of the words of the language. With 
respect toa few of the letters of the alphabet, I have to correct the values which 
I gave in my paper; but no change which I have to make is inconsistent with 
the three general principles above mentioned. I will now briefly notice the 
new light which the Bisitun inscription throws on the values of individual 
letters. 

I have to notice, in the first place, the discovery of a new letter, «= » which 
Major Rawlinson values as n’. It is m(w), or the secondary form of No. 8, be- 
fore uw. Another new letter, which he calls fi, is, in fact, the Median character 
No. 4, as he himself remarks. It was, I conceive, used by mistake by a Median 


=. 
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sculptor for the syllable ma ; and I read the syllable which the Major expresses 
by nan as n.na, or simply na. 

From what has been already said on the root druj, it appears that No. 4 is 
the secondary form of No. 1, and not of No. 12. Its value is j(7), not zh(¢). 
These letters, being etymologically connected with g, No. 25, and kh, No. 27, 
and being transcribed by a Babylonian character, which certainly contains the 
consonant & or g, must certainly be 7. Neither z or zh are admissible for 
them. 

No. 11 is the secondary form of No. 3, m, not of No. 27, kh. It is m(w), 
not kh(w). ‘This appears fully from the inscription, in which Mudrdya, the 
country whose name begins with this character, is clearly identified with Egypt. 
This was the value which I myself had originally assigned to No. 11, but I was 
led astray by Westergaard’s positive statement, that the Median character, No. 28, 
which begins the corresponding word, was ag or k. I now see that he had 
no ground for that statement save Lassen’s hypothesis, that the country in ques- 
tion was not Egypt but Kurdistan. The value of that Median character will, of 
course, have to be corrected. 

No. 19 is used at Bisitun without an r after it, in a word which Major Raw- 
linson writes kufa. According to my principle, the first vowel should be gunaed. 
On the authority of this word, I must make No. 19 a primary letter, having the 
same relation to p and b as No. 27, kh, hasto kand g. Accordingly, I write it 
ph, making the above word képha. I still think, however, that p cannot precede 
r without an intervening a, and that if it should do so by analogy, it would become 
ph. Thus, parasdmi, “1 punish,” has for its participle phrasta, ‘* punished,” 
whence uphrastam, ‘well punished,” in IV. 38. The word which the Major 
reads pritd, and translates salvete, as if from a root pri, corresponding to the 
Sanscrit one, I take to be paritd, compounded of the preposition para and the 
root 2, eo; and I translate it “go forth.’ Now, if7 be so decided an aspirate 
that the Tenuwis p cannot precede it, as appears to be the case; and if, as also 
appears to be the case, it is never preceded by & (to avoid which conjunction of 
letters the Persians used kz for the Sanscrit k77), we may safely infer that No. 34 
was thr, not tr. The declension of pitd, which makes-in the genitive pithra 
with this letter, is strictly analogous to the change in the participle of parasdmi. 
Here, then, I restore Lassen’s value, and I think we may now safely regard this 
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as a double letter, not as asecondary syllabic character. The class of secondary 
letters preceding 7 must, it seems, be rejected. 

I must now say a few words on the letter No. 10, as to the value of which 
I differ from Major Rawlinson, and the use of which letter has been pointed out 
to me as an objection to my theory of secondary letters. I feel quite confident 
that my value (founded on Holtzmann’s) is right; that the Major’s is wrong, 
though much less astray than Lassen’s; and that the facts connected with the use 
of this letter are quite consistent with my theory. The objection proceeds on the 
supposition that No. 10, which the Major writes ¢, is connected with No. 7, ¢ ; so 
that, if my theory were correct, it would be a secondary form of that letter ; 
whereas No. 7, ¢ itself, precedes 7 in instances where no a@ can intervene ; as e. g. 
in the third person singular of the present aséz, “he is,” and the like; and 
again, Nos. 7 and 10 appear to be interchanged. As to the first point, I stated 
in my former paper, and still state, that No. 10 is the secondary form of d, not 
of ¢ I admit that No. 7 precedes 7, both immediately and with a intervening, 
there being no secondary form of it before 7; but I deny that di, as the Major 
writes it, that is, 28, 33, ever come together, except in the inflexion of a noun 
ending in da, in the enclitic pronoun dé, or in some other similar case, where a 
guna to the @ is required by analogy. As to the alleged etymological con- 
nexion between No. 7 and No. 10, I cannot discover it. The only apparent 
instance of such a connection is in the imperative of certain verbs, where the 
2, s, the 3, s, and 2, pl, are written with fiya, fuwa, and td, according to the 
Major’s orthography ; di, tw, and ¢d, according to mine. These I compare with 
the Greek and Sanscrit forms. They are the terminations annexed to a root 
which terminates with a vowel. In Greek we have i, irw, ire. Bopp gives 
srudhi as the Veda form of the Sanscrit, corresponding to xAv@.; the other 
persons end in ¢w and ta. Now, it is admitted that, in the old Persian, da cor- 
responded to the Greek Sa or Sy, and to the Sanscrit d’ha ; daddmi was the 
equivalent of riSype and dad’himi ; but it has not yet been admitted that dz 
and du were the old Persian equivalents of 6, Ov, and d’hi, @hu. This, how- 
ever, is what I contend for, as a part of my theory of secondary letters; and it is in 
perfect accordance with this theory that I found above diird as the equivalent of 
$8pa; and that I now find dito be the termination of the second person sin- 
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gular of the imperative, corresponding to $: and d’hi, while tw and ¢d are, in 
the other persons, corresponding to 7, 7e, ¢u, ta. Lest, however, any one 
should persist in thinking that the letters which I call secondary should have an 
aspiration, because 6: and 6v, d’hi and d’hu, have, I observe, further that d, in the 
old Persian, in all its forms, primary and secondary, corresponds to the Greek & 
as well as to @; to the Sanscrit d, as well asd’h. The old Persian dadémi 


corresponds equally to déd@pe and to t’Snue; to the Sanscrit daddmi and dad- 
hdmi; and so do the secondary forms of d ; dhuzitiyam, as the Major writes it, 
duwitiyam, as I write it, corresponds to the Greek devrepov, the Sanserit 
dvitiyam; while his yatiya, my yad?, is the Sanscrit yadi. With respect to the 
alleged interchanges of Nos. 7 and 10, I observe, that if they be not errors of the 
sculptor, which I believe them to be, they are interchanges of di and #i, not 
interchanges of a primary letter with its secondary one. The instances are two. 
In one (III. 14), the imperative singular terminates in ¢i instead of di. The 
same sentence in the plural had occurred not long before, and the sculptor was 
apparently repeating it. After he had written the ¢ he perceived his mistake, 
but he could not well correct it: in another imperative, however, connected with 
this by the conjunction ‘‘and,” he wrote dz. The other instance is the name of 
a month, which occurs twice; in one place it is written with ¢, and in the 
other with di. It is uncertain which was right, and a confusion between sylla- 
bles so like in a long word should have no stress laid on it. 

The Bisitun inscription does not appear to me to throw any new light on 
the value of No. 12.* As to No. 18, it seems at first sight in favour of its having 
the value ¢h ; since, with a after it, it corresponds as a termination of pronominal 
adverbs to the Sanscrit tas or d’has (the former the more frequent, but the 
latter, I believe, the original form), and the Greek Sev (for Ses, as in the first 
person plural of verbs, ev for pes). To this, however, it may be objected that, 


* It may, indeed, be said, and with some appearance of reason, that the argument drawn 
from the Median transcription, ¢atsharam, is affected by the rectifications of the Median alphabet 
made in the present paper. I now read the word ?’.ta.sha.ra.m. Consequently, I cannot rely 
on the argument drawn from it, to prove that No. 12 was notj. This, however, is abundantly 
evident from other considerations ; and the argument that it was 22, and not 2, appears to me 


unaffected by the change. 
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as above shewn, da would be the termination corresponding to d’has and Sev; 
for the old Persians always dropped s and w after a. Da, however, would also 
correspond to the Greek Sa in ev$a, which is in the Vedas a’ha, in the later 
Sanscrit ia, in tha. Now, it was necessary to make a distinction between adverbs 
which differed im signification, as there and thence. If awadd was to signify 
there, some other termination must be used to form a word signifying thence; 
and it appears to me that 2a is at least as likely a modification of da as tha is. 
It may also be considered as bearing on this question, and therefore I think it 
right to mention, that the genitive singular of the pronoun of the second person 
singular, ¢ém, begins with No. 18. It is what I should read zwwdm. This has 
certainly no etymological connexion with the nominative, but neither has mand 
with adam, nor amdkham with wayam, the genitives and nominatives of other 
pronouns. There is no corresponding Sanscrit form, for I cannot consider tava 
to correspond, which is the genitive in both Sanscrit and Zend; and in the 
absence of such, it does not appear to me that any inference can be fairly drawn 
as to the value of the letter. I suspend my opinion till I see what Major 
Rawlinson has to say in support of the values which he has given, after Lassen, 
to these two letters; but I certainly incline strongly to think that those assigned 
in my former paper are the true ones. 

No. 15 is not used in the Bisitun inscription. It has occurred to me, how- 
ever, that it is rendered highly probable by the Babylonian deciphering that 
its value was zya or long 7. It is only used after No. 8, ”, in a word signifying 


“king.” Now, the Babylonian word signifying “king” was certainly m7. If 


this word, or néya, with the usual termination, was adopted into the Persian lan- 
guage, it could not well be written with the ordinary letters, for they compose 
the word ni or né, “not; and the character actually used bears a very strong 
resemblance to that which represents y, and might therefore naturally be selected 
as suitable to represent the new word. 

In respect to the second or Median kind of writing, I am satisfied that the 
general principles announced in my former paper are correct ; I have to add to 
them, however, a new one, which I ascertained from the inscriptions of the third 
kind to prevail in them, and which I have since found to be also applicable to 
the Median inscriptions. It is this: if a character which expresses a syllable 
commencing with a consonant, be preceded by a character expressing the same 
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syllable (neglecting the distinction between 7 and w), or a syllable containing 
the same consonant followed by a, the first of the two characters loses its vowel, 
and becomes, in fact, a mere expletive, as I explained in my former paper that 
the simple consonant would be under the same circumstances. 

This has led me to some important rectifications of values. 

The three following characters, which I made to consist of a consonant pre- 
ceded by a vowel, really represent the same consonant followed by a vowel, 
namely, 3, na; 27, pu; 63, tu. 

Fhe three following, which I made simple consonants, really contain a fol- 
lowing vowel, viz. 30, ta ; 32, ta ; 42, na. 

No. 28, which begins the name of Egypt, should be wa, not k. I make its 
value commence with w, because this is used for m in other instances; and I 
make it to end with a, because it is the second character in the name, answering 
to the Persian Hémaw[étd], as I supply the deficient letters. I read the Median 
name, which is 76, 28, 36, 32, 50, O.wa.pi.?.ta. Where a vowel is suppressed, 
pursuant to the new principle above laid down, as in 32 in the present word, I 
substitute an apostrophe for it. 

I have no longer any doubt that 50 is fa; 54, not valued before, is sz. 

In addition to the foregoing, I make the following changes in the printed 
alphabet : 

17 is sa; 22, w; 29, washa; 33, pu; 34, pi; 36, pi; 38, uw; 57, probably 
wash ; 76, 6; 78, sa. There is no ground for giving 66 the value suggested 
for it. 

Besides having a phonetic value, na, No. 3 is used as a non-phonetic initial 
before the name of Ormazd, as the corresponding Babylonian character is. This 
name is 3, 76, 13, 57, 51, which I now read *O.ra.wash.ta. The word signi- 
fying God is written 3, 4, 27, or with 33 or 36 added, i.e. 1’.na.pu, m.na.p’.pu, 
or 2’.na.p’.pi. The Babylonian word is nabu, and it might have been better 
to have always used 6 in place of p in the Median. 

It is worthy of notice that, in the name Owapita, above quoted, the cha- 
racter which denotes pi or bi, in this last word, is used to express wz; a proof 
that in Median these sounds were sometimes confounded, as they always were in 
Babylonian. 

To the third kind of Persepolitan writing the name of Babylonian may be 
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given with perfect confidence, from the identity in form of its characters, and 
those of the cursive writing on the clay cylinders, barrels, &c., found at Babylon. 
Since the date of my last paper I have made considerable progress in deciphering 
both this cursive character, and the lapidary characters used on the Babylonian 
bricks, and in the great inscription of the East India Company. Although much 
remains to be done, I have thought it right to take the earliest possible oppor- 
tunity of communicating to the Academy the progress which I have already 
made. 

I should begin with stating that, in this field of discovery, I have no pre- 
decessor who has published anything to the purpose, except the venerable Pro- 
fessor G. F. Grotefend, who, very early in the present century, made a com- 
mencement in the deciphering of all the three kinds of Persepolitan writing: 
Not having seen his “ New Contributions to the elucidation of Persepolitan 
Wedge Writing,” published in 1837, I cannot state precisely in what degree 
he has anticipated me; but he must be admitted to have discovered the nature 
of the Babylonian characters, as partly syllabic and partly expressive of letters, 
and the fact that certain lapidary characters corresponded to certain cursive ones. 
He correctly transcribed the entire name of Darius into lapidary characters, 
though he did not, as I conceive, assign perfectly correct values to more than 
two of the five characters which it contains. He was, I believe, ignorant of the two 
important facts that, in this mode of writing, as in the Median, a syllable com- 
mencing with a consonant may take that consonant before it at the pleasure of 
the writer, s.sa being, for instance, used in place of sa, n.ni of nt, and the 
like; and that several equivalent characters might be in use to represent the 
same letter or syllable. I should not suppose that the cursive characters to which 
he gave correct values amounted to ten, nor that he assigned values approximating 
to the true ones to more than ten others. For the reason, however, which I 
have already given, I cannot speak confidently on this subject. About a year 
ago, a M. Lowenstern published a small work on the Babylonian character in 
Paris. I have not seen it; but, from a letter which its author published in the 
Literary Gazette, containing an account of his system, it is evident to me that 
he is far behind Grotefend. Dr. Seyffarth’s attempt is another complete 
failure. 

The data to which I have had access are, Ist, the Achemenian inscriptions 
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published by Westergaard, in the Memoirs of the Royal Society of Antiquaries 
of the North for 1844, and marked B, C, D, E, G, H, L, M, and NR, 
together with the inscription on the Venice vase of Artaxerxes. This work did 
uot reach me till about a month ago; but I had previously seen other copies of 
all these inscriptions but three.* The other inscriptions, I’, K, and O, have not 
yet reached me. 2ndly. The great inscription of the East India Company, con- 
taining 619 lines of lapidary characters brought from Babylon, the inscriptions 
on the Babylonian bricks, a comparative table of eighteen kinds of which is 
given by Grotefend at the end of his **‘ New Contributions to the Elucidation of 
Babylonian Wedge Writing, 1840 ;” the beginnings of certain inscriptions in 
the cursive character which Grotefend places in comparison with the legends on 
the bricks in this plate; a complete barrel inscription published by Mr. Rich ; 
and a fragment of an inscription on a clay cylinder, published by Sir R. K. 
Porter, which I discovered to contain a transcript of portions of the great inserip- 
tion of the East India Company ;—a most important discovery, as the equiva- 
lence of certain cursive and lapidary characters, which bore scarcely any resem- 
blance to one another, was thus demonstrated, as well as the equivalence to each 
other of different lapidary characters, as, for example, 111 and 2 8, in the pub- 
lished list, which are constantly transcribed by one and the same cursive cha- 
racter. All these Babylonian documents are of the age of Nebuchadnezzar the 
Great, and contain his name and titles, which Grotefend thought to be forms of 
prayer. Other Babylonian documents in the cursive character, containing con- 
tracts executed in the reigns of Darius, Xerxes, and Artaxerxes, have been pub- 
lished by Grotefend in different numbers of the Zeitschrift fiir die Kunde des 
Morgenlandes. These I have not yet examined. 

It will be observed, on inspection of the table, that many of the cursive 
characters are exactly, or almost exactly, of the same form as the corresponding 
lapidary ones ; such are those numbered 1, 3, 4, 5, 7, 9, &c. Another class, 
though decidedly differing, have, nevertheless, such a resemblance that their 


* I have to thank Mr. Norris, of the Royal Asiatic Society, for his kindness in transmitting 
to me a manuscript copy of the part of the inscription N. R., containing the names of the pro- 
vinces, several weeks before I received this work from my bookseller. He at this time remarked 
to me the use of No. 35, as an initial sign before names of countries, but not its phonetic value. 
Its signification, as ‘‘a country or province,” had been pointed out by Grotefend. 
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values cannot be mistaken ; such are 6, 8, 11, 13, &c. In 10, 36, 40, and some 
others, there is a resemblance traceable, though not very obvious. In other 
cases, where the difference seems very great, a comparison with other characters 
shews that a correspondence in form exists to such a degree as to prove that, if 
one was not copied from the other, both had a common origin. Compare, for 
instance, 2 and 46; 40 and 58; 55 and 60; 20, 43, 53, 66, in all of which 
the cursive character has one-half the wedges in a given direction that the cor- 
responding lapidary character has. In a few cases, such as 30, 35, 39, 71, the 
equivalence of the characters would never have been suspected, if they had not 
been observed to be similarly used. 

The first step im this deciphering was, of course, an analysis of the proper 
names occurring in the Persepolitan inscriptions, and a comparison of them with 
their equivalents in the first and second kinds of writing, and, where possible, in 
Hebrew and Greek. It will be observed that some of the Babylonian names 
correspond much more closely to the Greek forms than either the Persian or 
Median. See, in particular, the names of Cyrus and Darius. This deciphering 
of the proper names determined the values of many characters ; more were deter- 
mined by comparing different modes of writing the same words in the inscrip- 
tions which commence with the same formula, and in phrases of common occur- 
rence found elsewhere. I also observed some Median words transcribed in one 
of the inscriptions, and a few other words that, though altered, appeared to 
be of Persian or Median origin. When the equivalence of the two sets of 
characters, lapidary and cursive, was ascertained, more values were determined 
by comparing the proper names in the great inscription, in their various forms, 
with their representatives in other languages, and by comparing the different 
forms in which words of the great inscription which occur in formulas that are 
frequently met with, are written. 

The following page contains seventy-six Persepolitan cursive characters, with 
the Babylonian lapidary ones which most nearly correspond to them. Before I 
enumerate the other Babylonian lapidary characters which have the same values, 
I will make some general remarks on the mode of reading the characters, fol- 
lowed by observations on a few which I have distinguished by the sign f. 
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A character which represents a consonant followed by a generally loses its 
vowel, if it precedes a character in the same word which represents any syllable 
beginning with the same consonant; and a character which represents a conso- 
nant followed by w generally loses its vowel, if it precedes a character of the 
same value. In these cases I substitute an apostrophe for the vowel that is to be 
suppressed. If three characters which represent syllables commencing with the 
same consonant concur, two only are to be sounded ; and those which are equiva- 
lent in value, if concurring, are to be reduced to one syllable. Thus, 35, 43, 41, 
ba, bu, bu, in the name of Babylon, are to be read ba.b’bw. It is possible, how- 
ever, that this may have been regarded as a compound word, and that, on this 
account, the first syllable was pronounced distinct; for, in other instances, the 
first and second syllables seem to be reduced to one, and the third to be pro- 
nounced separately. 

The vowels 7 and w are scarcely distinguished ; and, in the application of the 
preceding rule, syllables commencing with the same consonant, and terminating 
with 7 and w, are regarded as equivalent. I have, therefore, classed them toge- 
ther, placing, however, those characters first which appear most decidedly to have 
contained 7, and those last which always expressed w. or greater distinctness 4 
is added to these ambiguous syllables when 7 is intended to be pronounced, and 
6 when w. Iam not sure whether 5 be not an ambiguous or intermediate vowel, 
or whether it be equivalent to 6. 

The consonants R and L are not distinguished; nor are B, P, W, and M; 
nor K, G and KH;; nor S and the other sibilants, except in one instance: see 
note on 65. CH appears to have been expressed by S, and J by K; but, per- 
haps, not in every instance. 

1. Rather Aleph than A. In some cases it appears to have the value 7 ; and 
it is remarkable that the Median character which corresponds in form, No. 72, 
was an I. This character is used in the Persepolitan inscriptions to express 
“son of.” 

2. This is interchanged with both the preceding and following. I should 
give it the value a, if I could depend on the manner in which the name of 
Artaxerxes is written on the Venice vase being correct. [I suspect, however, that 
2 was used by mistake for 46; see the Gener pte In other cases, the charac- 


and on the Babylonian Lapidary Character, 247 


ter clearly represents ya, and, when preceded by a syllable terminating in a, the 
compound, aya, seems to have expressed 7. 

7, 8. Both these are used, I believe, exclusively for the conjunction ‘“ and.” 
The corresponding Median letter is aw or 6, but I think it better to give these 
characters the value U, which, if not accurate, is a safe approximation. 

12. [Used by abbreviation for the words 12, 66, er.sa, and 12, 75, 15, 
er.sar.ra, being transcriptions of the Median 23, 73; 23, 73, 23, 13 ; which 
as read by me, are identical in sound. They signify “ great,” “ very great.’’] 

18. Signifies “the earth,” “land ;” and it may be doubted whether it was 
not, in some cases, a non-phonetic initial. I believe that this word was simply 
Lu. 

21. In the word 21, 48, elsewhere written 1, 22, 48, a.na.ku, “I,’’ it is 
clearly phonetic. I presume the word ana signified “ one.”’ 

23. Prefixed non-phonetically to the name Ormazd, and also used by abbre- 
viation for the word 23, 22, 39, m’.na.bu, “God.” The word signifying 
“heaven” is written 23, 41; I am uncertain whether it should be read na. bu 
or nabu.bus, “the dwelling of God,” considering both characters to be used as 
abbreviations for words. This is, I think, the more probable; and the same may 
be said of the Median word signifying “ heaven.” 

24. Sometimes used to represent the word ‘“ man,” which I believe to have 
been buna. See below. 

29, 30. The former of these is sometimes, and the latter, I believe, always, 
used to represent the word mi, signifying “ king.” 

35. Signifies “a province,” pronounced ba ; prefixed to the names of coun- 
tries, generally as a non-phonetic initial ; but in the name of Babylon it was 
sounded. 

36. Used to express the word “ man,’ which I believe to have been dana. 
It is written in the Persepolitan inscriptions which I have consulted in four ways, 
36 alone ; 36, 24; 34, 24; and 24 alone. 

41, Used in the Babylonian inscription to express ‘‘a house,” or ‘ dwelling,” 
almost synonymous with 54. I read it bws, as it seems to be the same word that 
occurs, written 39, 60, in the inscription L. In the Persepolitan inscription, C, 
it seems to signify ‘the world.” 
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54, I suspect it is used as a non-phonetic initial in some words where it occurs, 
It signifies ‘a house,” and is written in full, 54, 62 or 63, ta.as. 

65. The first of these characters represents sa, and the second sha, in the 
Persepolitan inscriptions. These were not distinguished in the lapidary cha- 
racter. 

76. [This character expressed the plural termination, whatever that may 
have been; and it may not have been always the same.] The plural was also 
represented by doubling the word, whether represented by a single character or 
by more; by adding a termination ; or by two of these three ways combined. I 
- must observe that the plural sometimes denoted dignity, and not real plurality. 
Thus, in the inscription C, Darius is twice called by Xerxes his “ fathers,” 
in the plural. 

On the interpretation of these inscriptions I am not prepared to enter at pre- 
sent, though I have already made some progress in explaining them. 


N. B.—The remainder of this paper, containing a list of lapidary characters, with transcrip- 
tions of Babylonian and Persepolitan words, is omitted, being superseded by those in the following 
paper. A few sentences which are pointed out in that paper as incorrect are enclosed within 
brackets. 
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VIII.—On the third Persepolitan Writing, and on the Mode of expressing 
Numerals in Cuneatic Characters. By the Rev. Epowarp Hincxs, D. D. 


Read 11th January, 1847. 
WHEN L laid before the Academy, at its last sitting, my alphabet of the third 
Persepolitan writing, with the corresponding lapidary characters, I by no means 
expected that it would prove perfectly correct. No first attempt at the alphabet 
of an unknown language has been so. I considered it, however, an approxima- 
tion, and, probably, as near a one as could be attained by means of the data in 
my possession ; and I looked forward to its being amended by those who had the 
command of more numerous inscriptions. There were some circumstances which 
left no doubt on my mind that error existed somewhere in it, though I could not 
discover where. The number of dentals was too small; there was no character 
for tw or dw; the name in N. R. 11, answering to Haradtish, and the word cor- 
responding to the compound epithet wisadahyush, in D. 11, were only in part 
legible ; and the manner of writing the name of Ormazd, in the inscription H., 
and that of Artaxerxes, on the vase at Venice, could only be explained by sup- 
posing the sculptors to have committed errors. All these difficulties, and others 
connected with the great inscription of the E. I. Company, have been removed 
by an important rectification, or series of rectifications, which I have made during 
the last fortnight; and the language has, moreover, been brought to exhibit a 
much greater similarity to the other Semitic ones than I had at first supposed. 
I have, therefore, to request leave to substitute the alphabet which I now send 
for that in my last paper. As the correspondence between the cursive and lapi- 
dary characters in the plate to that paper* is correctly given, though the values of 
many of the characters are erroneous, and as the plate is, I believe, partly 
engraved, I propose to let it stand, with so much of the paper as is necessary for 
understanding it ; but the transcriptions of Babylonian words into Roman cha- 
racters, and the catalogue of Babylonian characters, will be superseded by those 


* The table of characters in page 245. 
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which follow, which are much more correct. In the plate which I now send I 
give no lapidary characters, but instead thereof I give many additional Persepo- 
litan ones; and at the foot of it I give a series of numbers from the rock inscrip- 
tions at Van, exhibiting the mode of expressing numbers in Cuneatic characters, 
from 1 to 100,000. These are so arranged as to require no comment. The 
historic character of these inscriptions, of which I received a copy very recently, 
is obvious. 

An important consequence of the rectifications of the Babylonian alphabet 
which I have now made is this. The name of Parthia is now read Bartz, instead 
of Barsa. This word is written in the old Persian with the letter of disputed 
value, No. 18, where I formerly read s, and now ¢. This reverses an argument on 
which I had relied in my former paper, for the value of this character being z ; 
and combining this transcription with the mode of writing the word wizé, as I for- 
merly read it, in the window-inscription of Darius, where the Babylonian has iz 
bit, “in the house,” I am now satisfied that the value of this character is ¢h, as 
given by Jacquet, Lassen, and Major Rawlinson. There is now, then, I believe, an 
almost perfect agreement between the Major and me as to the first Persepolitan 
alphabet. That used in his transcription of the Bisitun inscription differed from 
that given in my first paper (read on the 9th June last), as to fifteen characters. 
As to three of these, I have adopted his values; as to nine others, he has adopted 
mine, though, as I understand, without any knowledge of my having given them ; 
and as to two more, we have both altered our values, so as to be now in agree- 
ment. We now differ, I believe, as to only one character, No. 12; and it is of 
little consequence whether this properly represented = or zh, as it was the only 
character that could be used to express both these sounds. 

I will now briefly sketch the method by which I was led to these rectifica- 
tions. The key word was the name of Susa, which begins with the characters 
74, 34 of my former alphabet, read Sw.ba. The Persian begins with U.wa, 
which, according to the principles laid down in my first paper, and in agreement 
with the Greek transcription, should be read #%. At first I was inclined to read 
it wwa, making the word a trisyllable, on the authority of the Babylonian; but 
afterwards I felt confident that the two first Babylonian characters must express 
st only. From this I inferred that the same method of expressing % might be 
used in other words, and a corresponding method of expressing 7; and, conse- 
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quently, that, when two characters were used to express one syllable, it was not 
certain that they commenced with the same consonant, as I had before assumed ; 
for the latter might equally well be a /abial or guttural, lengthening the pre- 
ceding wv or ?. This led me to a new analysis of the name of Nebuchadnezzar, 
which I formerly read, as it occurs in the first line of the great inscription of 
the E. I. C., Nabu.k’.ku.r.ra.sa.ar.ra, and now Nabu.k’.ku.ba.ru.ba.sa.ra, 
with the values of three characters altered, including a very important one, the 
sixth in the word. The change in the value of this character, No. 66 of my 
former paper, shewed me that I had erred in assuming that the words signifying 
“great,” in E. 1 and 6, were transcriptions of the Median words ersa and 
ersarra ; and I was thus led to seek other values for the characters in these words 
which I had valued under this misconception. This led me to other rectifications ; 
and, in conclusion, observing the greatly increased resemblance to the Semitic 
dialects which the language assumed in consequence of these changes, I thought 
it best to alter the vowel notation, substituting e, equivalent to the Hebrew 
Sheva, for the w of my former alphabet. The simple characters, then, consist 
of consonants followed by these two vowels, a (-) and e(.). The other vowels 
are represented by combinations of these with each other, with or without the 
intervention of certain semivocal labials and gutturals, distinguished in the 
alphabet by having a ¢ prefixed to them Thus, a.be is aw, or d (+); a.ge, é 
(--); e.be or e.ba, % or 6; and e.ge or e.ga,7; while the short vowels pro- 
ceed from the concurrence of two e’s, the latter of which becomes mute, while 
the former is generally to be sounded as 2, but occasionally as other short vowels. 
Further researches may, perhaps, supply more accurate rules; but I feel confi- 
dent that, by following these, the pronunciation will be attained in a very 
approximate manner. ‘The concurrence of two equivalent syllables will be 
readily seen to be analogous to the Hebrew dagesh. It is found, however, in 
cases where dagesh could not occur in Hebrew, as in ne.ne, when initial. 
Here, I have little doubt, the duplication has the effect of lengthening the 
vowel, or detaching it from any syllable containing e that might follow. I read 
the above n’n2, or n’né ; ne.ne.be must be read n’né. be, not n’neb. 

I class the letters in six divisions, labials, gutturals, dentals, nasals, linguals, 
and sibilants. Some of these are subdivided, as will be seen in the alphabet 
given on the following page. 

Derae 
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Characters in the first division of each class regularly represent the consonants belonging to it followed by 
e(:); and those in the second the consonants followed by a (-). Values different from those are annexed to the 
characters which admit them. ad. denotes “always”; and if it be not used, “sometimes” is understood. in. 
signifies “when initial”; ji. “when final”; and ab. “by abbreviation”. * is prefixed to characters which are 
sometimes used as non-phonetic initials; and { to labials and gutturals, which, when not accompanied by equivalent 
characters, combine with the preceding vowel; sometimes when it is an a, and always when it is an e ; the former 


becoming @ (r) or é(..); the latter # (1) or 7 (%.). When dissimilar consonants, both followed by e, meet, the 
latter is mute, as it also is, for the most part, after a. 
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The following is a list of the Babylonian characters which correspond to 
these. A reference to each Persepolitan character in the alphabet follows the 
number of the Babylonian one which most closely corresponds to it in form. 
These characters are numbered as in the list published by Mr. Fisher in 1807, 
up to 287; I have added nine other characters, chiefly compound ones. 


LABIALS. 


be, we ; the first five also, when initial, e or d,s. 4 (No.1); 135 (No. 3), 
136, [a house, bit ;] 273, 132, 175, 176, 201 (No. 2) [son]; 21 (No. 4), 289 
(No. 5 = 32 + 121, 2, or 3) [always and, u ;] 46 (No. 6) [when initial, gene- 
rally and, w ;] 71 (No. 7), 116, 117, 118, 119 (No. 8), 120, 121, 122, 123, 
128, 130, 178, 179, 180, 222 (No. 9), 51. All the preceding, when not joined 
with a second character of like power, are in general we, and combine with a pre- 
ceding vowel, forming w with e, and aw or d witha. 26 (No. 10), 25, 208, 209 
(No. 11), 37, 59 (No. 12), 60, 275 (No. 13), 225 (No. 14), 233, 234, 79 
(No. 15), 253 (No. 17), 254, 44 (No. 18), 294 (= 324-51), 76, 115, 159; 
2 [two, both]; 276, 277, 278, 279. 

ba, wa; 111, 112 (No. 19); 238 [generally, wa}; 83, 88, 183 (No. 20) 
[a province; also a non-phonetic initial of names of countries] ; 171, 172 (No. 
21). 

an; 1 (No. 22); ar, 291 (No. 23 = 32 + 73); bar or war, 104, 105* 
(No. 24); 177, 178 (No. 26); bare, 263 ; bis, 166, 169. 


GUTTURALS. 


ge, ye; 12 (No. 27), 41, 42, 43 (No. 28), 23, 24 (No. 29), 31 (No. 30), 
151 (No. 31, and with same initial value) 113 (No. 32), 141, 142, 143 (Nos. 
33, 95), 288 (No. 94, = 444), 295 (No. 34, = 26 + 273), 283, 284, 40, 
All the preceding, or nearly all, when not joined with a second character of like 
power, are, in general, ye, forming, with a preceding e, 7, and with a preceding 
a, ay or é. 


* I give this value to these characters, because the transcriptions show that it was that of the 
corresponding cursive character in Persia; yet I think it probable that the final » was dropped at 
Babylon. The common word, 287, 231, 105, seems to correspond to the Hebrew D492 or NODDY, 
in the emphatic form, meaning “a (divine) image.” This could scarcely have been sounded with 
a final r, On the gems, this word precedes the name of Nebuchadnezzar in the legend which 
encircles his head ; and it is there in the plural number. 
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ga, ya ; 249 (No. 35) [where final, always my, ya]; 50 (No. 37) [always 
afformative of the plural, ya. 22 is, I believe, an ideographic sign of the plural, 
standing for the proper termination, whatever that may be]; 153, 154 (No. 36) 
[ generally, ya]; 165, 167 (Nos. 39, 40) [generally, kha]. 

is ; 262 (No. 41). 


DENTALS. 


te; 34 (No. 43), 195, 196, 197, 198, 269 (No. 44), 290 (No. 45, = 26 
+ 202) 203, 204 (No. 46), 187, 188, 189 (No. 47), 38 [as plural termina- 
tion). 

de ; 260, 270 (Nos. 48, 49). 

ta; 272 (No. 50), 17 (No. 51), 81, 82, 182, (No. 52) [abb for tas, house ; 
it appears sometimes to be used as a non-phonetic initial of names of buildings]. 

da; 268 (No. 53). 

ti; 16, 97, 98, 99; dasz, 248. 


NASALS. 


ne ; 289 (No. 54) [used by abbreviation for 289, 140, 225, n’nebe, God ; 
also as a non-phonetic initial, and in conventional symbols for the names of dif- 
ferent deities. Thus, 287, 287, or 287, 94, are to be read Bil, the name of the 
principal Babylonian deity]; 27 (No. 55), 257 (No. 56), 256, 258, 191 (No. 
58), 193 (No. 59), 194, 160, 228, 229 (No. 57), 230, 91, 92, 93, 139, 140 
(No. 60). 

nu; 28 (No. 62), 274. 

ni; 292 (No. 63), 293 (No. 64), 212, 192 (No. 65), 103 (No. 66), 206 
(No. 77) [always meaning king, as the preceding frequently do also}. 

nesi; 29. 


LINGUALS. 


re, le ; 73 (No. 68), 251 (No. 69), 252, 239 (No. 70), 15 (No. 71), 
162, 163 (No. 73), 133 (No. 74), 134, 52 (No. 75), 53, 95 (No. 76), 94, 
96, 144, 145, 146, 147, 148, 164. 

rebe, [great]; 39 (No. 77). 
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SIBILANTS. 

se, she; 69 (No. 78), 70, 11 (No. 79), 77 (No. 80), 114 (No. 81), 
106, 107, 108, 109, 110, 173, 214 (No. 82) [this may, perhaps, be a combina- 
tion = 4, 90, as or wes]; 215, 199, 200 (No. 83), 90 (No. 84), 85, 86, 87, 
89, 184; 45 (No. 85).* 

sa, sha; 5 (Nos. 86, 89); cha? (or if not, = 5) 205 (No. 90). 

su; 48 (No. 91), 124, 181. 

st; 125, 126 (No. 92), 32 (No. 93), 226, 227 ; char, chal, 231, 296. 

Here are 199 characters valued. Besides these, I have ascertained that 3 
is a numeral representing “three ;” in like manner, 2 always represents ‘ two,” 
or ‘‘both,” in the great inscription, though it is used for bz in the name of Baby- 
lon on a gem. It is probable that 6, 7, 8, 19, and 20, represent numerals also ; 
but I have not been as yet able to interpret the passages where they occur. I 
conclude with transcriptions of proper names which occur in the inscription. I 
first give Persepolitan ones, numbered as in the corrected alphabet. Characters 
to which f is prefixed are liable to be omitted. The representatives of characters 
so marked are within parentheses. 


54, 1,7, 69 (or. 70), 19, 82, 53, 36, *A.u.r.ba.s.da.y.(i.e.dé). 
Or 54, 6, 70, 19, 82, 53, * Ur ba. sda. 

DL spe Ady (eIa5 *Ge.r’.as. 

22,53, Pl; 68; 35, 71, 78, *Da.(w).r.ya.(wy.s’. 

22, 31, 93, 36, 23, 93, (or 86, 36), * Khe.st.ya.ar.si( or sa.y’i.e.sé ). 
22, 23, 50, 36, 78, 86, 80, 92, RAN ITS 80.5.8, 

22, 41, 50, 82, 18, I setoeswues 

22, 1, 39 (or 40), 19, £54, 65 (or 64), T84, 93, 36, *A.kha.ba.(n’).ni.(s’).st.ya. 
QO NONS ies Ba.b’.be.le. 

20, 24 (or 25), 92 (or 86, 94), * Bar .si (or sa.ye) (Persia). 
20, 24, 45, 6, * Bar .te.w’ (i.e. tu) ( Parthia). 
20, 19, 53, 94, * Ba.da.ye (Media). 

20, 81, 19, 32, *Se.w’ (i.e. Su).ge (Susa). 
20, 88, 24, 53, * Sa.bar.da. 


* Since the above was written I have satisfied myself that this last character had the value 
as. I have, accordingly, given it this value in the transcriptions which follow. 
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In the next three words some letters are deficient; but I have restored them 
within brackets in a manner that appears to me certain. Parts of the characters 
remain. 


20, 7, 19, 68 [85], 19, 36, *U.ba.r.as.ba.ya. 
[20, 35], 19, 62, * Ya.ba.nu. 
20, 1 [70, 12], 19 [43], 36, * A .re.be.wa.(i.e.bi).te.ya.(i.e.fi). 


In the inscription on the portal, D, line 11, the Persian word wisadahyush 
is transcribed as follows, the termination being altered a little : 


6, 36, 87, 53, 1, 36, 27, 83, 28, we.ya.(i.e.wi).sa.da.w’.ya.y.se.y’. 
The following are numbered as in the enumeration of lapidary characters. 

172: 26; 76,163; Ba.b’.be.le. 

183, 287, 94, 160, Ba.bil.le. See “ Nasats” above. 


The name of Nebuchadnezzar is written in the following manners, among 
others : 


287, 40, 113, 120, 73, 46, 205, 239, N’nebe.g’.ge.w.re.w.cha.r’. 
287, 140, 225, 143, 263, 46, 205, 209, N’.ne.be.ge.bare.w’.cha.r’. 
287, 40, 263, 46, 205, 239, N’ nebe.ge.bare.w’. cha.r. 


The correct pronunciation of the name appears to be Nebekilichar. On the 
bricks there is a peculiar character, which I have called 296, used for the final 
syllable. Sometimes, also, a d, 260, is introduced into the word. 


bho 
or 
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IX.—On the different Kinds of Cuneiform Writing in the triple Inscriptions 
of the Persians, and on the Language transmitted through the first Kind. 
By the Rev. Cuarres Wituiam Watt, D. D., Vice Provost T. C. D., 
Ni. Pol eAs 


Read December 13th, 1847. 


THE connexion of the subject here proposed for consideration with my inquiry 
into the origin of alphabetic writing, having compelled me to examine it of late 
with much attention, and the train of investigation into which I was thus drawn 
having led me to results which, I am in hopes, will be found not entirely devoid 
of interest, I venture to bring some of them under the notice of the members of 
the Royal Irish Academy in the course of the following observations. 

1. With regard to the language of the inscriptions of the Persians in the 
first kind of cuneatic writing, *—besides that the uncertainty which still exists, as 
to the powers of some of the letters of the system, extends, more or less, to the 
sound, and, in consequence, frequently to the sense of the groups in which they 
occur,—a great many of the words completely deciphered in those inscriptions 
have become everywhere else extinct, and the attempt to identify them with 
terms of known signification has, in several instances, been made through trans- 
mutations of quite too arbitrary a nature to be securely relied on. Hence, as 
well as from the mutilations to which records of such vast antiquity have of 
necessity been exposed, no legend of any considerable length in this kind of 
writing has been as yet found, in which the meaning of some of the sentences 
does not remain either very doubtful or quite unknown. The most favourable 
standard that can be taken of the degree of success with which this study has 
been attended, is unquestionably Major Rawlinson’s analysis of the portion of the 


* The kind above referred to is called the first, not from its age, but from the position of 
preeminence it occupies in all the triple inscriptions of the Persians. In point of age, this kind 
is probably the last of the three, as it is more simplified in its elements than either of the others, 
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Behistun record in the kind of writing in question. Yet he has been very far 
from attaining to certainty in every part of his interpretation of this document, as 
may in a great measure be perceived from his own candid statement on the sub- 
ject, which is as follows : 

**T do not affect, at the same time, to consider my translations as unimpeach- 
able ; those who expect in the present paper to see the cuneiform inscriptions 
rendered and explained with as much certainty and clearness as the ancient tablets 
of Greece and Rome, will be lamentably disappointed. It must be remembered 
that the Persian of the ante-Alexandrian ages has long ceased to be a living 
language ; that its interpretation depends on the collateral aid of the Sanscrit, the 
Zend, and the corrupted dialects which, in the forests and mountains of Persia, 
have survived the wreck of the old tongue; and that, in a few instances, where 
these cognate and derivative languages have failed to perpetuate the ancient roots, 
or where my limited acquaintance with the different dialects may have failed to dis- 
cover the connexion, I have been obliged to assign an arbitrary meaning, obtained 
by comparative propriety of application, in a very limited field of research. I 
feel, therefore, that in a few cases my translations will be subject to doubt, and 
that, as materials of analysis continue to be accumulated, and more experienced 
orientalists prosecute the study, it may be found necessary to alter or modify some 
of the significations that I have assigned; but, at the same time, I do not, and 
cannot doubt, but that I have accurately determined the general application of 
every paragraph, and that I have been thus enabled to exhibit a correct historical 
outline, possessing the weight of royal and contemporaneous recital, of many great 
events which preceded the rise, and marked the career of one of the most cele- 
brated of the early sovereigns of Persia.’’* 

Though the general purport of the very interesting record here alluded to has, 
beyond all doubt, been penetrated by Major Rawlinson, the particular passages of 
it whose exact signification remains yet unascertained are not, perhaps, as few as 
a sanguine disposition has led him to suppose. But while I hesitate thus far to 
yield full assent to his description of what he has achieved, I feel pleasure in 
expressing my admiration of the great ability and adroitness with which he has 
brought his knowledge of oriental languages to bear upon this branch of the 


* Journal of the Royal Asiatic Society, vol. x. part i. p. 13. 
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investigation ; and I consider it a fortunate circumstance that he commenced 
operations with the first kind of cuneiform writing, in which his researches have 
proved really useful, before wasting much of his time and labour on the project 
of extracting alphabetic designations from the other two kinds,—a project which 
I expect to be able to show, with respect to one at least, if not to both of them, 
is utterly chimerical and hopeless. 

2. Although the Sanscrit is very generally held to be older than the language 
of the Persian inscriptions in the first kind of cuneiform writing, yet, I apprehend, 
it can be proved to be of later formation, even through the admissions of those 
who maintain the opposite opinion. It is now, I believe, on all sides allowed that 
the Zend,—which appears to be a corrupt dialect and early derivative of the 
sacred tongue of the Brahmans,—approaches, in point of grammar, nearer than 
modern Sanscrit to the language of Darius, transmitted to us in the above- 
mentioned legends; and also that the dialect of the Vedas, which is yet more 
ancient, comes in this respect still nearer to it than does the Zend; or, in other 
words, it is virtually conceded that the older the form of the Sanscrit is to which 
we look, the more closely its grammar is found to agree with that of the language 
in question. Hence, I submit, it may be fairly inferred, not only that this latter 
tongue is the elder of the two, but also that it is the main foundation on which 
the grammatical structure of the former one has been erected. 

3. The detection of the groundwork of the Sanscrit, now at length arrived 
at, powerfully corroborates the proofs brought forward in the second part of my 
Treatise ‘‘on the ancient Orthography of the Jews,” in support of the view there 
given of the cause and mode of the formation of this dialect. For, why should 
the Brahmans have resorted to a foreign language, or any modification thereof, as 
a medium of communication ? It was not forced upon them by an invasion of 
foreigners ; if it had, it would have been more generally diffused, and not con- 
fined, as it was at first, to the priesthood, or, as it still is, to the educated classes 
of society in India ; neither was it adopted for the purpose of conveying the reli- 
gious tenets of Zoroaster,—the Hindu priests never yielded admission to those 
tenets. How else, then, can the introduction of a modified form of the oldest 
Persian dialect that was at the time accessible, be so naturally accounted for, as 
by the position I have elsewhere maintained, upon various grounds, that the 


Brahmans, in imitation of the ancient priests of Egypt, formed, for the purpose 
2K 2 


260 Rev. Dr. Watt on the different Kinds of Cuneiform Writing 


of holding private intercourse with each other, a sacred language, which conti- 
nued long unknown to all but the individuals of their own caste, and of which, as 
it would now appear, they took the principal framework, and part of the materials, 
from the above dialect? Still further, the close degree of congruity, in gram- 
matical structure, which has been observed between the Sanscrit of the Vedas and 
the language of the cuneiform legends in question, forbids our admitting so long 
an interval between those dialects, in the states of them exhibited in the compared 
records, as would suffice to account for the great difference in their ingredients 
by any process of alteration naturally effected in the course of time. It is true 
that the materials of a language are more liable to change than its forms, and 
that roots are altered more rapidly than inflexions; but yet a proportion between 
the natural rates of variation of the two classes of elements of words holds within 
certain bounds, which are here quite overpassed. The apparent inconsistency, 
however, of this case is at once removed, if the mode I have, in the second part 
of my Work, assigned for the formation of the Sanscrit, be conceded, namely, that 
it was made to consist of a selection of words from different foreign languages; 
since, according to this view of the matter, for every non-Persian term introduced, 
the corresponding Persian one was dropped and abandoned. In this way, and, I 
will venture to add, in this way alone, can be explained the extraordinary circum- 
stance of so many words of the legends in the first kind of cuneiform writing being 
lost, notwithstanding that their inflexions and grammatical structure are found 
still preserved very nearly in the dialect of the Vedas. 

4. In dissenting from the extreme antiquity which is very generally attri- 
buted to the Sanscrit and Zend, I am happy to find myself supported by Major 
Rawlinson, with regard to the latter dialect, in the following extract from his 
essay : * — although I conjecture the Zend to be a later language than that of the 
inscriptions, upon the debris of which, indeed, it was probably refined and syste- 
matized, yet I believe it to approach nearer to the Persian of the ante- Alexandrian 
ages than any other dialect of the family, except the Vedic Sanscrit, that is avail- 
able to modern research.”* But this deduction from the internal evidence of 
the case, with respect to one of the dialects in question, holds a@ fortiort with 
regard to the other, which is allowed to have a yet closer affinity to the language 


* Journal of the Royal Asiatic Society, vol. x. part i. pp. 8, 9. 
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they both in common are here compared with. Our author is, therefore, I sub- 
mit, bound in consistency to extend his view of the artificial and comparatively 
modern origin of the Zend to the Sanscrit ; of which latter dialect he might, upon 
many other grounds also, have asserted that it did not come into existence till 
long after the Persian of the legends in the first kind of cuneiform writing had 
ceased to be a living tongue, and that it was then, to a considerable extent,—to 
use his own form of expression,—refined and systematized upon the debris of that 
ancient language. He has himself, in another part of the same essay, very can- 
didly acknowledged that the striking similarity of the Greek and Sanscrit letters, 
in their oldest extant shapes, ‘“‘requires to be explained ;”* and, indeed, this 
remarkable fact is quite inexplicable, except on the supposition of the Sanscrit 
alphabet having been in a great measure derived from the Greek one,—a suppo- 


* “ James Prinsep, who first deciphered this interesting character [namely, that called the Lat 
character, which exhibits the Sanscrit alphabet in its oldest extant state], was struck with its 
resemblance to the most archaic form of Greek; and he drew up accordingly a comparative 
table of the Pali [or rather the Lat] and Sigzean alphabets (see Journal of the Asiatic Society, 
vol. vi. p. 382). His theory, however, has found little favour with paleographers; the names, 
powers, and series of the Greek letters, together with unanimous tradition, establishing, it is 
thought, beyond the reach of controversy, their Phcenician derivation. The extraordinary simi- 
larity, at the same time, between the forms of the letters, as they were used at a very early epoch 
by two branches of the Arian family, widely severed as were the Greeks and Indians [that is, at 
the aforesaid imaginary epoch, before the time of the Macedonian Alexander], together with the 
common direction of the writing from left to right, in contradistinction to the Semitic usage, 
requires still, I think, to be explained.”—Journal of the Royal Asiatie Society, vol. x. part i. 
note to p. 41. If the reader will take the trouble of looking back to the comparative table opposite 
page 405, in the first volume of the second part of my Work, he will there find some of the letters 
in question plainly and obviously traced to Greek, some to Ethiopic, and some to Roman originals ; 
as also the very peculiar mode of indicating the vocal terminations of the syllables denoted by 
those letters, evidently brought home to that employed in the Ethiopie syllabary, of which sylla- 
bary again the system of vowels is shown in the same volume to be derived from the Greek 
alphabet. Even the bare appearance, then, of the elements of the oldest known, and, in all 
likelihood, the absolutely oldest Hindu alphabet, supplies three limits to its age : the Greek part 
of it could not have been formed till after the first intercourse of the Hindus with the Greeks, that 
is, till after Alexander’s invasion of India; its vowel marks could not have been formed till after 
the first intercourse of the Ethiopians with the Greeks, that is, till after Egypt had been reduced 
under the dominion of the Ptolemies ; and its Roman part could not have been formed till after 
the arrival of the Romans in India, that is, till after the commencement of the Christian era. 
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sition which, besides that it clears up a difficulty otherwise impenetrable, is further 
supported by its accordance with the oldest accounts that have reached us of the 
ancient state of India,* and has nothing against it but the forgeries and fictions 


* The oldest authors, who, in works of their’s still extant, make express mention of the 
Brahmans as a learned and sacerdotal class, are Strabo and Arrian; and from the accounts they 
have transmitted to us, it may be clearly collected that, down to the periods in which they respec- 
tively flourished, neither those priests, nor any of the rest of the Hindus, had the slightest know- 
ledge of alphabetic writing. Strabo quotes yet earlier authors, whose works have not been 
preserved,—Nearchus, who accompanied Alexander in his expedition to India, and Megasthenes, 
who wrote not long after,—as both of them attesting that the Hindus had no written laws; and he 
cites the latter of those authors as assigning for this fact the following reason, “ for that they 
[the Hindus] are ignorant of the use of letters, and manage every thing by memory”? [ovd2 yae 
etre sidever evtous, &AA’ amo pevhns Exuorae Dtoimcicbar—Strabo, Oxon. edit. lib. xv. p. 1007]. 
He, indeed, gives also another statement of the former historian, not very consistent with the 
foregoing one, namely, that the Hindus wrote epistolary communications on bits of fine linen ; 
but, to show how little entitled to credit was this assertion, he subjoins to it from himself the 
remark: ‘* Whereas the others [that is, all others who, down to his own time, had touched upon 
the subject] declare that they [the Hindus] do not make use of letters” [ray 0 errwy yedupacr 
aureus wh yencbxs Payévov'—Ibid., pp. 1016-7]. Arrian wrote near the middle of the second 
century, about a hundred and fifty years after Strabo, when a great deal more was known to 
Europeans about India, though not as much as is at present; but as he was in an eminent degree 
one of the best informed men of the age in which he lived, he surely must be allowed to have 
been better acquainted with the then condition of the Hindus than any person can now become 
through other channels ; and, consequently, his statements are peculiarly entitled to attention in 
reference to this subject. Now, he relates in the sixteenth chapter of the sixth book of his 
History of Alexander’s Expedition, that the Brahmans were the sophists, or wise men, of the 
Indians, ‘“‘ concerning the learning of whom, if indeed they have any, \ shall tell in my Treatise 
upon India” [— ize ay tyw ths coPias, ci On tis eoriv, ey +H LvdixH ZuyypePh dnawew |. The manner 
in which our author here expresses himself shows that he had a very low opinion of the learning 
of those sophists; and, accordingly, when he comes to describe it, which he does in the eleventh 
chapter of his Treatise on India, not by quotations from earlier writers, but on his own authority, 
as upon a matter on which he had fully satisfied himself, he makes it to consist solely in a power 
to interpret sacrifices and skill in divination, and does not include in it any knowledge whatever 
of letters. The evidence, therefore, of ancient history, combines with that supplied by the very 
forms of the letters of the oldest Sanscrit syllabary, to prove that the Hindus had no alphabetic 
writing till long after the commencement of the Christian era; nor is the force of this proof in 
the least weakened by the inscriptions deciphered by the late Mr. Prinsep, in the Lat character, 
purporting to have been written in the time of Grecian sovereigns who lived before the above- 
mentioned epoch, as those inscriptions betray several very decisive indications of their having 
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of the Brahmans. But if the testimony of those boasters be found utterly un- 
worthy of credit, as to the antiquity of their writing, surely more weight cannot, 
with any show of reason, be conceded to it with regard to the age of their lan- 
guage; nor should such evidence be permitted to extend our estimate of that 
age beyond the limits to which it is by other considerations restricted. The 
Zend and Pali are still less ancient, as they recede farther from the language of 
the legends referred to; and they appear to be merely the Sanscrit, as it became 
altered and corrupted in the hands of respectively the Parsi and the Buddhist 
priests ; for the two later dialects are much too nearly connected with the earlier 
one, to admit of the possibility of their having been formed independently of it. 
If this be a just view of the relation they bear to each other, it adds to the proba- 
bility of the Sanscrit having been originally confined to the use of a sacerdotal 
class, since the Zend actually remains so confined down to the present day. 

5. The works composing the Zend-Avesta, and purporting to have been 
written by Zoroaster, are proved evidently spurious by (independently of other 
considerations) the difference between their idiom and that of the legends of 
Darius in the first kind of cuneiform character. It is, indeed, attempted to 
account for this difference by supposing that the Persian sage made use of a pro- 
vincial dialect. But this suggestion can hardly be reconciled with the tradition 
that he was the lawgiver of the Persians, and held in the highest respect and 
veneration by his countrymen. The composition, surely, of such a man, if it 
ever had existence, must have been looked up to as the standard and model of the 
purest Persian of his day. Besides, how can an individual who is represented as 
the friend and companion of Darius’s father, Hystaspes,* be conceived to have 


been fabricated by the Hindu priests at a much later period. But for a full discussion of this 
point, I must refer the reader to the eighth chapter of the second part of my Work. 

* By Persian authors the patron of Zerdusht or Zoroaster is named “Gushtasp,” not 
“« Hystaspes ;” and they make no mention of Darius as son of Gushtasp. But Ammianus Marcel- 
linus, who wrote in the fourth century of our era, when the history of the ancient kings of Persia 
was not as grossly distorted and corrupted in the east as it afterwards became, connects the age of 
Zoroaster with that of Darius’s father, Hystaspes, who is thereby identified with the Gushtasp of 
more modern Persian historians. ‘‘Magiam opinionum insignium auctor amplissimus Plato 
Machagistiam esse verbo mystico docet, divinorum incorruptissimum cultum; cujus scientize 
seculis priscis multa ex Chaldzorum arcanis Bactrianus addidit Zoroastres; deinde Hystaspes, 
rex prudentissimus Darii pater.” —Ammianus Marcellinus, lib. xxiii. cap. 6. 
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spoken a different tongue from that of the nobleman with whom he associated ? 
Or, for a moment allowing this possible, how, of two contemporary dialects, could 
the provincial one be more refined and systematized than that used at court ? 
The supposition, then, by which it is endeavoured to maintain the genuineness 
of the Zend- Avesta, is directly at variance both with the history of its reputed 
author and with the internal evidence of the case, arising from a comparison of 
the Zend-Avesta with the language of the inscriptions in question; and, in all 
probability, this compilation was not fabricated by the Parsis till above a thousand 
years after the age in which the founder of their sect is imagined to have lived. 
6. With regard to the alphabet employed in the kind of writing under con- 
sideration, I shall commence with remarking that it is not an original one, as 
may, even without appealing to the proofs bearing on the general question of the 
origin of letters, be shown from the retention in it of signs syllabically used in 
company with the elements of a superior system; or from,—what comes nearly 
to the same thing,—the frequent omission of vowel letters in the words written 
therewith. For, supposing for a moment that the Persians had arrived at*the 
three classes of phonetic signs of which this alphabet is composed, by means of 
their own efforts of investigation, without any external aid, they must at all 
events have so far understood the nature of their own invention, as to perceive 
the great advantage, in clearness and precision, of expressing syllabic sounds by 
consonants combined with vowel-letters, rather than by single signs. They, con- 
sequently, would have abandoned the last-mentioned class, uniformly employing 
both of the former ones in the denotation of syllables; and the circumstance of 
their having failed to do so renders it quite evident that they derived their system 
from imperfect observation of some superior one, to the consonants of which, as 
being the class most difficult to apprehend, they occasionally attached, not their 
proper, but syllabic values. And as this alphabet is not original in reference to 
any class of the powers of its letters, so neither is it in regard to their shapes. 
Some of them are obviously derived from exactly similar combinations of wedges 
in the second and third kinds of cuneiform writing; and as for the rest, surely 
such complicated characters, consisting of so many and such various separate 
ingredients, could not have been, in the first instance, applied to expressing the 
simple elements of articulate sounds; it is, indeed, quite inconceivable that they 
could. But, suppose them to have been antecedently employed for a length of 
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time, in some other kind of writing, to denote more complex objects of thought, 
and the difficulty of the case is removed; for, on a new use of characters being 
suggested, writers may be easily imagined to be led by the force of habit to 
transfer to this use symbols they had been previously much accustomed to, 
though in other respects unsuited to it, rather than take the trouble of selecting 
new ones better adapted for the purpose. Thus it may be seen that, when a 
phonetic employment of signs was brought under the notice of the Egyptians, by 
the circumstance of their being taught Greek writing (as Herodotus expressly 
records that they were, in the reign of Psammetichus), they did not on that occa- 
sion invent new characters, but selected some of their old ideagrams, which they 
made, through a new application, to stand for the initial articulations or initial 
vowel sounds of the words by which their former meanings were expressed. Thus, 
for instance, in phonetically representing the name ‘ Ptolemy,’ they denoted 
the articulation / by the figure of a lion, the Coptic for which animal is Aa&or, 
‘labo’; and, most probably, the ancient Egyptian term for it began likewise 
with that articulation. Whether the Persians in the reign of their first Darius 
acted on the same principle, while shifting the cuneiform combinations from their 
primitive to a secondary use, cannot, I apprehend, be now ascertained; we can 
no longer, for example, tell whether the first combination of wedges in the group, 
No. 1, of the table attached to this tract, had originally a meaning, the ancient 
Persian word for which began with the articulation d; the second, a meaning, 
the Persian for which commenced with the vowel sound a ; and so on. But what- 
ever may have been the original significations of those combinations of wedges, 
their alphabetic values, which are perfectly simple and uncompounded, could not, 
I submit, have been the primary, but merely derivative applications of signs, 
containing respectively such a multiplicity of entirely distinct and separate 
ingredients. 

7. The alphabet under examination is, in the main, derived from the Greek 
one ; its consonantal powers, indeed, that are equivalent to sh, w, and y, must 
have been adopted in imitation of a Shemitic model, and so was likewise its col- 
lection of vowels, as shall presently be shown ; nor have we any reason to be sur- 
prised at the phonetic values of its ingredients having been drawn from different 
sources, since the Persians, in the time of Darius, the son of Hystaspes,—during 
whose reign this derivative system first made its appearance,—held intercourse 
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with nations that employed very different alphabets. But the direction of this 
writing proves that the powers of its elements were chiefly borrowed from the 
Grecian alphabet ; as no other set of letters known to have been, at the early 
period referred to, in existence and within reach of Persian observation, was written 
from left to right. In corroboration of this proof of the principal origin of the 
cuneiform alphabet, I have to request attention to the two following considerations : 

First. The passage of Herodotus, respecting the inscriptions on two pillars 
erected on the shores of the Bosphorus,* shows that Darius made use of Greek 
writing (though probably but seldom, and more for the information of foreigners 
than of his countrymen) as early as the time of his invasion of Scythia; so that 
the powers of the Greek letters must have come under the notice of his scribes 
near the commencement of his reign, and, therefore, in all likelihood, before the 
formation of their cuneiform alphabet. Accordingly, it may be observed that 
the writing in the Persian inscription is not described by the historian as of three 
kinds, which, as far as can be known from extant lapidary records, it mvariably 
was after the introduction of that called the first kind. If, indeed, this inserip- 
tion had been triple, it would have occupied at least four times as much space 
as the Greek one; and even had it been made in the first kind alone of cunei- 
form characters, it must have required two pillars for the one of same size appro- 
priated to the corresponding Greek legend. The characters, therefore, employed 
in the Persian inscription here alluded to, would appear to have been such as 
belonged to one of the older, or ideagraphic kinds of cuneiform systems. Nor is it 
any objection to this view of their nature, that Herodotus calls them ‘letters,’ as 
alphabetic writers have always been in the habit of so denominating the elements 
of every sort of writing, without distinction. But the substance of our author’s 
evidence on this subject is entitled to the more weight, from his speaking of the 
two inscriptions as a person who had seen them, or, at any rate, was in possession 
of very precise information regarding them; for he tells us, that ‘afterwards the 
Byzantians, having conveyed those pillars [displaying the inscriptions in question | 
to their city, made use of them near the altar of the Orthosian Diana, excepting 
one stone; and this was left close to the temple of Bacchus in Byzantium, 
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covered with Assyriac letters.”* But a yet earlier acquaintance with the Greek 
alphabet, on the part of the Persian scribes, might be established, if the accuracy 
of a statement in the fifteenth book of Strabo could be relied on, in which this 
geographer asserts, on the authority of Onesicritus, and Aristus of Salamis, that 
the scription on the tomb of Cyrus was written in Greek, as well as in Persian. 
From the account, however, of this subject given by Plutarch, which is more 
likely to be the true one, it may be collected, that the two legends were of diffe- 
rent ages, and that the Greek part of the inscription was not added till the time 
of the Macedonian Alexander, who ordered it to be insculped under the original 
epitaph.f Still it is to be observed in this, as well as in the former case, that the 
Persian legend is not described by any author as triple, and that, therefore, it was 
most probably in one of the older, or ideagraphic kinds of cuneiform writing ; 
so that, if any weight be allowed to the above statement of Strabo, it concurs with 
the adduced evidence of Herodotus, to prove that the Persians had some know- 
ledge of Greek letters before they set about forming their cuneiform alphabet. 
Secondly. Through recent discoveries of travellers in Lycia, the ancient inha- 
bitants of that country are found to have employed, while under the dominion of 
the Persians, in inscriptions that may be traced back to very near the time of 
Darius, an alphabet which is manifestly of Grecian descent. Most of the letters 


= The wey voy oTHANTS TaUTnot BuCavrsot, nomlravres bs THY OAM, Uoregoy TovTewy eyenrayro meas Tov 
Bapeoy tis Opbucing Agrzpesdoc, xwpic ivdg Aidou" obr0s 38 xarersiQen mapa tov Asovucov tov vnav ev BuCavrin, 
yetupdrar Accugiay xAtos'—Herodotus, lib. iv. cap. 87. 

+ Thv 08 iyeaPny cvayrors, extrevoey EAAnvinois Imoyaputas yeaumuacw’—Plutarchus, Ed°. Pari- 
siaca, tom. 1. p. 703. 

~In support of the above point may be further urged a circumstance of a more positive 
nature. In fact, the two versions recorded by Strabo of the Persian epitaph in question, and 
that transmitted by Plutarch, differ materially all three from each other, as well as from the later 
inscription found so often repeated on the remains of the magnificent temple erected to the honour 
of the deified Cyrus at Pasargade, and whose purport is ascertained from the portion of it 
insculped in the first, or alphabetic kind of cuneiform writing. Now, that the Persian scribes in 
the time of the Macedonian conqueror should have been unable (as their mutual disagreements 
show they were) to give the exact meaning of the earlier legend, though very short,—not then 
above 200 years old,—and about the general subject of which they could no more be ignorant, 
than they could then make any mistake as to whom the tomb belonged to on which it was 
inscribed, is a case perfectly reconcilable with the supposition of that legend having been idea- 
graphic, but not at all so with the notion that it was alphabetically written. 
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are identical, or very nearly so, with their Greek prototypes ; and those which 
correspond in shape agree also in power, with the exception of b, which appears 
to have been used in the Lycian system with the twofold value formerly attached 
to v, sometimes as digamma, or a consonant equivalent to our w, and at other 
times as a vowel, namely, the open wv, or Grecian ov. The following specimens 
of this writing will serve to give a notion of the character employed in it : 


APPPAVOS APPPAVO+:TEATEME JSTBTITALAY IER 
They are extracted from some of the inscriptions of this sort, collected by 
Charles Fellows, Esq., and exhibited in a volume of travels which he edited 
in 1841, accompanied by a brief examination of their contents, in an appendix, 
from the pen of Daniel Sharpe, Esq. The same specimens, written in equi- 
valent Greek letters, would respectively stand thus: Apmzmayos; Apmmayoouv 
reOnewe ; LnFn wacaov; Zepoon. ‘The first three—taken from the inscrip- 
tions on the stele, or pillar, at Xanthus, which are of great length, and all in 
this kind of writing, except eleven Greek lines on one of the sides*—denote 
respectively Harpagus, the son of Harpagus, and of the Pasha of Shahs, i.e. 
of the king of kings. In the Greek lines on this interesting monument, which 
unfortunately are not translations of any of the extant Lycian ones, the expres- 
sion, ‘the son of Harpagus,” occurs, written APTAFOYIOS, with the same 
form of the s7gma as in the Lycian part of the inscription, and in which the 
antiquity of the Greek writing is marked by the circumstance of the ov termi- 
nation of the genitive case being represented simply by o. At the same 
time, the use of the two kinds of 0, and two kinds of e, in this writing, shows 


* Since writing the above, I have been favoured by the Rev. Doctor James Kennedy Bailie, late 
Fellow of Trinity College, Dublin, with a more accurate transcript of the Greek part of the 
Xanthian Inscriptions, made by him from a collation of the copy of Mr. Fellows with those of 
two other travellers. The Greek lines, twelve in number, are in hexameter and pentameter verse, 
though not so written in regular alternation; and it appears from them, that the name of the son 
of Harpagus in question was Ahersis. Dr. Kennedy Bailie’s talents for recovering the words 
aud sense of mutilated legends, as well as the correctness of his taste and extent of his classical 
learning, are very conspicuously displayed in two volumes of ancient inscriptions, restored and 
commented on by him, which were published in the years 1842 and 1846, under the modest titles, 
respectively, of Masciculus Inscriptionum Grecarum, and Fasciculus Inseriptionum, Greca- 
rum potissimum ;—works which well deserve the attention of those who take an interest in the 
subjects to which they relate. 
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that its date must fall within less than four centuries before the birth of 
Christ; as this improvement of Grecian orthography cannot be supposed to 
have come into use earlier in a remote country than in the very heart of 
Greece. With respect to the meaning of the three specimens, that of the first, 
and of the beginning of the second, is sufficiently obvious. The signification of 
the word at the end of the second is ascertained by the aid of a short bilingual 
inscription at Limyra, consisting of some Lycian lines, with a Greek translation 
subjoined. For the grounds of the meaning attributed to the two words of the 
third specimen, I must refer the reader to what Mr. Sharpe has stated on the 
subject. If his explanation of them be borne out by further investigation, the 
Lycian sigma must be considered as equivalent to sh ; whether this modification 
of its original Greek power, to suit the exigencies of their language, was effected 
by the Lycians of themselves, or through the help afforded by their observation 
of the elements of some Shemitic alphabet. The fourth specimen—selected 
from the latter part of the first line of an inscription at Antiphellus, which has the 
appearance of being by much the oldest of the collection,—is deemed, by the 
English author last mentioned, to be the name of Xerxes; and his opinion is 
supported, not only by the sound of the group of equivalent Greek letters, but 
also by the occurrence, near the commencement of the second line of the same 
inscription, of two groups similar to those constituting the third specimen, and 
which are translated by him of the king of kings, the well-known ancient title 
of the native sovereigns of Persia. Surely, then, we need not wonder at the 
Persians having derived their first alphabetic system chiefly from a Grecian source, 
when we find one obviously and confessedly sprung from that source employed 
by a nation in subjection to them, not long after the formation of their cuneiform 
alphabet, under the auspices of a Persian monarch, and again under those of a 
nobleman who appears, from the name of his father, to have been a Persian vice- 
roy.* But while the subjugated Lycians made no secret of the external origin 


* Two generals of the name ‘ Harpagus’ are mentioned by Herodotus, the one a Mede, in 
the service of Cyrus, who reduced the lower, or southern provinces of Asia Minor, and, among 
the rest, Lycia, under the dominion of his master (lib. i. cc. 176-7); and the other a Persian, 
who commanded an army in the province of Ionia, in the reign of Darius, the son of Hystaspes 
(lib. vi. c. 28). From the probable age of the inscription on the monument at Xanthus, the 
Harpagus, whose son appears to have, as governor of Lycia, erected this monument, cannot be 
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of their letters, the Persians, in the pride of a more elevated condition, endeavoured 
to conceal their obligations in this respect to foreign instruction; and, just in 
hike manner as had been shortly before done by the Egyptians while yet inde- 
pendent, they substituted for the Greek characters some of their own ideagrams, 
though far less suited for the phonetic use to which they thus came to be 
applied. 

8. The vocalie structure of the cuneiform alphabet is “clearly of Shemitic 
type,” as Major Rawlinson very justly observes, in the second chapter of his 
Memoir (p. 62), and as, I believe, has been on all sides admitted, ever since it 
was ascertained by the late Dr. Beer, that there were but three vowel-letters in 
this alphabet. The correspondence, however, between the systems of vocalization 
here compared, extends far beyond the mere number of their respective elements: 
but, to show this, I must previously advert to a distinction which appears to have 
been hitherto overlooked, or, at least, not sufficiently attended to in this investi- 
gation. A complete determination of the phonetic values of the cuneiform 
letters would require an analysis of the sounds of ancient Persian names of men 
and places, not as uttered by natives of Persia at present, or for several centuries 
back, but as pronounced at the times when the legends containing those names 
were actually inscribed. This condition, indeed, is no longer attainable, so that 
we must, with regard to some few of the sought values, rest satisfied with mere 
approximations ; but still the bearing of it in mind is of use in assisting us to 
ascertain the authority chiefly to be relied on in this inquiry; which is certainly 
not that of any of the Persian writers, as the oldest of their extant historical 
works of any celebrity, the poetical romance of Firdausi, was not composed till 
about 1500 years after the age in which Darius, the son of Hystaspes, reigned. 
Neither do any of the records extant in the cognate dialects, though of such 
boasted antiquity, carry us back in reality to within a distance of even 500 years 
from his reign ; and before the expiration of that interval, the denominations of 
their earlier sovereigns were grossly corrupted by this illiterate people, as I shall 
presently take an opportunity of showing by the example of the name of the 
very monarch just mentioned, who, next to Cyrus, was the most remarkable and 
least likely to be forgotten of all their ancient kings. The only eastern writings 


supposed more nearly related to the latter general than grandson ; but, if traced to the former, 
he must be placed still further in the line of descent from his older namesake. 
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that come near to the requisite age (being, indeed, somewhat older), are the 
latest portions of the original Scriptures of the Old Testament; but, besides 
that they convey scarcely any of the names in the cuneiform inscriptions, and 
these too only in a foreign language, their designations thereof are very defec- 
tively vocalized, even supposing those designations originally written with the 
matres lectionis* they now display, but which were not, as shall be proved in the 
next volume of my Work, inserted in them till above 600 years after. We are, 
therefore, compelled, in the due prosecution of this inquiry, to turn from oriental 
to Grecian vouchers, as far older or better vocalized, and more especially to those 
transmitted to us by Herodotus, who wrote within twenty-five years after the 
death of Dariust (before there was time for any material change arising in the 
pronunciation by the Persians of either the language or the proper names of the 
inscriptions) ; and whose accuracy, besides, not only as to events, but also as to 
names, is attested in the most convincing manner by the very legends, when 
deciphered, which supply the materials of this analysis. The elements of his 
alphabet, I admit, are inadequate to express some few of the old Persian articu- 
lations ; and it must be allowed that he took great liberties with the terminations 
of foreign names to suit them to the genius of his own language,—a latitude of 
style in which he was imitated by all subsequent Greek authors. But, with 
these exceptions, his evidence as to the names in question may be fully and safely 
relied on, particularly with regard to their vowel sounds, the determination of 
which constitutes our only sure means of ascertaining the point at present more 
immediately under consideration, namely, the vocalization employed in the 
cuneiform inscriptions ; and, whatever may be the imperfection of his testimony, 
as that of a foreigner, in reference to this point, still, wherever it can be had, it 


* The ‘ matres lectionis’? are consonants which are occasionally diverted from their proper 
use to denote vowels, and, in consequence of this ambiguity, produce some confusion in un- 
pointed writing, particularly in the expression of foreign names. 

{ The recital by Herodotus of his remarkable historic production at the Olympic games, is 
generally placed at the eighty-fourth celebration of those games, or in the year B.C. 444. But 
if the reader will take the trouble of turning back to the note on this subject in the first volume 
of the second part of my Work, p. 132, he will there find, I think, strong ground for dating this 
event four Olympiads earlier, or in the year B. C. 460, that is, about twenty-five years after the 
death of Darius; according to which computation the history in question must have been written 


less than twenty-five years after that death. 
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is to be preferred immeasurably to the united force of all the oriental evidence 
that can be brought to bear upon the same subject. 

Guided by the principle laid down in the foregoing paragraph, I am enabled 
to point out two very striking indications of connexion between the cuneiform 
and Shemitic systems of vocalization, in addition to the one previously discovered 
by the late Dr. Beer. In the first place, then, the three cuneiform vowel-letters 
have, each of them, two values, the very same as belong to respectively the cor- 
responding matres lectionis of Shemitic writing; that is, they are occasionally 
employed to denote, the first of the set, e instead of a; the second, e instead of 
7; and the third, o instead of w. Of the use of the first to express e, we have 
instances in the cuneiform designations of ‘ Media’ and * Persia,’ which should 
not be transcribed, as they have been by Major Rawlinson through reliance on 
comparatively modern authorities, ‘ Mada’ and * Parsa,’ but rather ‘ Meda’ and 
‘ Persa,’* in accordance with the pronunciation of those names transmitted to 
us by Herodotus; and by virtue of which the vowel-letter in question, which 
immediately follows the initial character in the case of each of the groups alluded 
to, comes to have in those groups the phonetic value of e instead of a. Of 
the use of the second cuneiform vowel-letter to denote e, we have instances in 
the cuneiform groups for the names ‘ Armenia’ and ‘ Arbela,’ deciphered 
‘Arming’ and ‘Arbira’ by Major Rawlinson, but which should rather be 
transcribed * Armena’ and ‘ Arbera;’ as the former name is written Appeva 
by Herodotus, and the latter ApSeAa by several Greek authors of less ancient 
standing ; in conformity with which authorities the vowel-letter in question has 
the phonetic value of e¢ instead of ¢ in the cuneiform groups just specified. The 
Major, indeed, to support his reading of this vowel-letter in the former group, 
appeals to an older authority than he usually employs, the Chaldean expression for 
« Armenia’ in the paraphrase of Amos, iv. 3, given in Jonathan’s Targum, viz., 
39995, which he reads ‘ Harmini’ (in page 57 of his memoir) ; but if he had 
looked to the pointing of the word in that place, he would have seen that it 


* In transcriptions of cuneiform designations of words into better known writing, I make use 
of italics for the expression of such vowels as are not represented by letters separately appro- 
priated to them in the original groups, but are united with the preceding powers respectively, to 
constitute the phonetic values of characters that are in those instances employed, not as mere 
consonants, but as syllabic signs. 
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should be read ‘ Harmene,’ and, consequently, that, as far as this example is 
entitled to any weight, it makes not for, but directly against his representation 
of the matter. Of the use of the third element of the cuneiform system of voca- 
lization to express 0, instances may be adduced from the cuneiform names of 
* Cappadocia’ and « Mardonius,’ which should not be transcribed, as they have 
been by the Major, * Katapatuka’ and ‘ Marduniya,’ but ‘ Katapatoka’ and 
‘ Mardoniya,’ in accordance with the testimony of Herodotus, who has written 
those names Kazrradoxiy and Mapdovios; and on whose authority, therefore, 
the value of 0 is to be assigned to the letter in question in the cuneiform groups 
here referred to. 

For the purpose of sustaining quite a different view of this subject, it has 
been attempted most ingeniously by Dr. Hincks,* in a paper of his read to a 
meeting of the Academy in June,1846, and somewhat later, though independently 
of him, by Major Rawlinson, to account for occasional changes of the phonetic 
values of the cuneiform letters ¢ and w, into, respectively, € and 0, by assuming 
that very arbitrary rules, analogous to those of the Sanscrit guna (according to 
which a combined with 7 brings out the sound e, and, combined with w, the 
sound 0), were employed in this writing ; and by further assuming, in order to 
the application of such rules, that wherever, from any cause, the vowel-letters 
whose immediate values they confine to 7 and w, ought, either of them, to have 
its sound changed, the preceding character should in each instance be dealt 
with, not as a consonant, but as the sign of a syllable ending in a, the amalga- 
mation of which vowel with the one to be operated on would produce the 
required alteration of its sound. But, to show the fallacy of this specious theory, 


* Though I venture to differ upon some points with the Rey. Dr. Edward Hincks, late Fellow 
of Trinity College, Dublin, yet, I must say, I consider no author superior to him, and very few his 
equals, in ingenuity combined with learning. It is, indeed, by means which he has himself sup- 
plied, that I am enabled to combat the theory of his above noticed: for, as I may, perhaps, in 
the next volume of my Work have occasion to show, Dr. Hincks is clearly entitled to the credit 
of the discovery of the true distinction between the primary and secondary consonants of the 
alphabet belonging to the first kind of cuneiform writing, namely, that the former may be con- 
nected in utterance, each of them, with any of the vowels of the system, but that the use of the 
latter is more restricted in this respect ;—a discovery of the utmost importance in reference to the 
object of completing our knowledge of the nature and mode of application of this very curious 
alphabet. 
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it will be sufficient to refer to two of the examples above given, namely, the 
transcriptions of the groups equivalent to the Apyevia and Mapdovos of Hero- 
dotus into ‘ Armena’ and ‘ Mardoniya.’ In those examples the m of the former 
group and the d of the latter are, by the acknowledgment of both of the 
authors referred to, secondary consonants that do not admit of being treated as 
signs of syllables ending in a; and, therefore, if the vowel-letters after them 
were not immediately susceptible of the values of e and o respectively, as well as 
of those of 7 and w, they could not, in the positions they here occupy, acquire 
such values by the influence of the assumed operation ; and the father of history 
must have written the above names Appuvia and Mapdovvi0s,—a consequence 
which is directly at variance with the text of, I believe, every extant manuscript of 
his work. In truth, the fanciful and highly artificial rules of guna belong to a 
much later age than that of the inscriptions. They are, indeed, quite incompa- 
tible with the crude state in which the cuneiform alphabet has been transmitted 
to us, as has been, I may observe, very judiciously maintained by one of the 
above-mentioned authors, in the body of his chapter on the subject,* although he 
rather precipitately came to a different conclusion in the supplementary note 
thereto appended. 

The second feature I would bring under notice, of the cuneiform vocaliza- 
tion, is one that not merely assimilates it to, but even identifies it with that 
of Shemitic writing. Although the matres lectionis soon went out of use in 
cuneiform designations, yet vestiges of them may still be traced in the inscrip- 
tions; namely, of employed for a,¢ y for e or 2, and w for 0 or vw. Of course 
such vestiges should be searched for only in the proper names first written, in 
which, having been once introduced, they may be easily conceived to have 
been retained through the force of habit, though the Persian scribes had the 
option of a less ambiguous mode of denoting vowel-sounds, which came even- 


* Tt [the Persian cuneiform alphabet] admits not of the epenthesis of the Zend, nor of 
duplication, nor of the artificial developments of the guna, and of the widdhi ; it acknowledges 
no law of sandhi, properly so called: it is, in fact, in every respect, in a comparatively crude 
and unfinished state.” —Journal of the Royal Asiatic Society, vol. x. part ii. p. 53. 

+ My very limited acquaintance with this writing does not supply me with an example of 
employed in it to denote e ;—a use of the first mater lectionis which was, probably, as seldom 
resorted to therein, as in the older kinds of Shemitic writing. 
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tually to be preferred by them. ‘Thus the a sound, which, in the language of 
the inscriptions, served to distinguish the genitive from the nominative case of 
the name of Darius, is, in the cuneiform representation of that name, constantly 
expressed by the letter 4. Major Rawlinson, in the supplement to his second 
chapter (p. 182), calls this notation “a clumsy artifice,” in which remark I 
entirely agree with him; but, I must add, it is by precisely the same artifice (and 
in no other way, when vowel-points are excluded from consideration) that a has 
been designated in every species of Shemitic writing to which the Persians could 
have had access, from the age in which Darius lived down to the present day. 
Of the use of the cuneiform y to express 7, we have an example in the very same 
name (group, No. 1),* read by Rawlinson ‘ Darayawush,’ but which, I submit, 
should, in accordance with the pronunciation, Aapetos, transmitted to us by He- 
rodotus, be deciphered ‘ Dariwush ;’ the Greek notation perfectly agreeing with 
my transcription of the cuneiform one, except in the termination of the word, and 
in the omission of a sign for w, which Grecian orthography supplies no means of 
representing before w. Rawlinson, indeed, as well as the decipherers who pre- 
ceded him, appeals to a supposed reading of this name by Strabo, Aapiaouns ; 
but, even granting for a moment that the Grecian geographer had so read it, 
surely the authority of any Persians of his day by whom he could have been 
guided, with respect to the manner in which the word in question was pronounced 
when the cuneiform legends were being insculped, can bear no comparison with 
that of such of their countrymen as Herodotus conversed with on the subject, 
460 years earlier, and within a very few years of the dates of those legends. 
Aapiaovns, however, is not Strabo’s writing, but only a conjectural emendation 
of his text by Casaubon, in direct opposition to the unanimous testimony of, I 
believe, every extant ancient manuscript copy of the work, and recommended by 
him solely on the ground of its agreement with the Masoretic reading of the 
Hebrew designation of this name.f But although the Masorets were first-rate 


* The group above referred to, written in equivalent Roman capitals, according to the latest 
values assigned to the cuneiform characters, and without any supplementary letters to denote the 
unexpressed vowel sounds, would stand thus, DARYWUSh; where the letter modifying the 
power of S is printed in small type, in order to leave the number of capitals the same as that of 
the cuneiform letters of the group. 

+ The note of Casaubon, on the word above referred to, is as follows: ‘‘ Puto scripsisse Stra- 
2m 2 
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judges of the grammatical structure of their own language, they have shown 
themselves, in numerous instances, extremely ignorant of the pronunciation of 
foreign names; as has been very generally admitted, ever since it came to be 
known that the Hebrew points form no part of the writing of the original Scrip- 
tures. The word referred to in Strabo’s text is Aapinxys,* which is manifestly 
an erroneous representation of the name under discussion, but which, notwith- 
standing, we have every reason to think was so written by him; and his evidence 
on this point serves to show how grossly the Persians corrupted the denomination 
of one of the most celebrated of their sovereigns, even within less than five cen- 
turies after his death ;—a fact which I may here, by the way, observe, powerfully 
corroborates the proof I have elsewhere advanced, that, for some part at least of 
that interval, they must have lost the benefit of alphabetic writing. Of the use 
of the cuneiform y to denote e, we have an example in the name of Xerxes 
(group, No. 2),f read by Rawlinson ‘ K’hshayarsha,’ but which the pronuncia- 
tion of the word by Herodotus warrants me, I submit, in transcribing ‘ Khshear- 
sha.’ Had the mater lectionis in this.group stood for 7, instead of e, the name 


bonem ray Azgscotyy. Nam Hebrzis Darius vocatur Y77, Dariaves.” In assigning this reason 
for his opinion, the critic tacitly made three assumptions,—that the Persians in the age of Strabo 
had a correct knowledge of the manner in which the name of Darius was pronounced by their 
forefathers about five centuries before,—that the designation of that name in the Hebrew Scrip- 
tures was written from the first as full as it now is, wy 77,—and that the Masoretic pointing of 
it so written is correct. But as, according to those suppositions, both parties were right, their 
representations of the matter must agree with each other, and the modern pronunciation of the 
name by the Jews gives that used for it by the Persians of the first century. Unfortunately for 
this conclusion, every one of the assumptions on which it rests is erroneous. The first of them 
is disproved by the evidence of Herodotus. The refutation of theother two would take up too 
much room here, and will be given more appropriately in the next volume of my Work. 

* The passage of Strabo containing the above word (in which the author incidentally notices 
and illustrates the changes that had occurred in proper names, and particularly in foreign ones, 
according to the views which prevailed on the subject in his day in the places visited by him) 
runs as follows: Aé 0: ray dvomatay peramractic, nai macdhiote Tay Baphaginay, worAui? xabaimwee Tov 
Aaeinnny Acaesion txctreray, trav D¢ DaeLigw Ilaguccdrw, Aragyarhy d¢ thy Adc eav.—Strabo, lib. xvi. sub 
Jinem. On this passage it is to be observed that, although there is some difference between the 
MSS. as to the other names, there is none whatever with regard to Awgimxny. 

+ The group above referred to, written in equivalent Roman capitals, in like manner as that 
denoting the name of Darius, would stand thus: KhShYARShA, 
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would have been written by the Greek historian Zip&ns, or Zuapéys, rather than 
Zep&ys; while it should have been recorded by him ZavapEns, to justify the 
Major’s reading of the same group. Of the use of the primary cuneiform 7, to 
express 0 and w, we have instances in the groups for ‘ Phraortis’ and * Hyrca- 
nia,"* deciphered by Rawlinson ‘ Frawartish’ and ‘ Warkana,’ but whose pro- 
nunciation by Herodotus, Ppaoprns and Ypxavia, shows that they should rather 
be transcribed ‘ Phraortish’ and ‘Urkana.’ To warrant the Major’s readings 
of those groups, the names represented by them should have been written by the 
Grecian author Ppaovaptns and Ovapkaria. 

The system of cuneiform vocalization having been subdivided into two 
kinds, one of which is closely connected, and the other absolutely identical, with 
that employed in every Asiatic species of Shemitic writing, it remains to be 
inquired which of those systems is the more ancient one. The slightest observa- 
tion, indeed, of Greek orthography would suffice to make a cuneiform writer pass 
from his ruder to his less ambiguous kind of vocalization, provided he was not 
previously long accustomed to the former, and that the whole of his alphabet was 
then only of recent formation ; but still it may be asked, with regard to the ruder 
and more imperfect kind, which are older, the cuneiform or the Shemitic matres 
lectionis? Now this question must, I apprehend, be decided in favour of the 
Shemitic class ; as their immediate derivation from Greek writing may be naturally 
accounted for, but not so that of the cuneiform set. For, supposing a Shemitic 
scribe to have introduced vowel-signs into his alphabet, from observing their use 
in Greek orthography, and to have, from force of habit, selected for this use, 
though less properly suited to it, some of his old letters, in preference to adopting 
new ones for the purpose, he would naturally be led, by the name of the Grecian 
letter for a (alpha), to attach this new value to the / of his own system, which 
had the same name, now, indeed, uttered haleph, but which there are traces of 
having been at a very remote period pronounced halpha. But the like explana- 


* The groups above referred to, written in equivalent Roman capitals, in like manner as the 
two designations previously examined, would stand thus: PhRWRTISh and WRKAN. In the 
former of these transcriptions I use the combination Ph, with its common phonetic value (not 
with that specially assigned to it when employed to express the power of one of the letters of the 
Devanagari alphabet); and, therefore, I do not see any necessity of substituting / for it, as 


Major Rawlinson has done. 
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tion cannot be applied to the use of the cuneiform / to express a ; both because 
there is not the slightest reason to think this consonant had any name similar to 
alpha, and, more positively, on account of the transition from the cuneiform 
matres lectionis to letters that were exclusively employed as vowel-signs ;—a 
transition that, in all probability, would never have been made by the Persian, 
any more than by Shemitic scribes, if their alphabet had been, as the application 
to it of the above explanation would require, an old one before the introduction 
into it of vowel-letters of the former kind. Supposing this to be a just view of 
the matter, it follows that the framers of the Persian cuneiform alphabet must have 
collected, pretty nearly at the same time, its materials of Greek and Shemitic 
origin, although it is proved to be chiefly of Grecian descent, not only by the 
direction of the writing in which it is employed, but also by the occurrence in 
this writing of syllables commencing with vowel-signs, as exemplified in the last 
paragraph,—a class of designations that has no place in Shemitic orthography. 

9. Itis for the most part very uncertain, or quite unknown, how the defects 
of vocalization in the groups of cuneiform letters ought to be supplied. The rule 
at present observed upon the subject is, whenever, in-the transcription of those 
groups into writing in the Roman character, a vowel is wanted, to insert a short 
a,—a practice which is grounded solely on the affinity of the ancient Persian to 
the Sanscrit language. But the Zend has likewise an affinity to Sanscrit, and yet 
does not admit of the application to it of this rule. In fact, it by no means fol- 
lows from the existence of a close connexion between two dialects, that, wherever 
the consonantal parts of words, or inflexions of words are the same, the vocal 
parts must also be identical. ‘This remark may be illustrated by the example of 
the Hebrew and Syriac tongues, in which many of the grammatical forms are, in 
their written ingredients, exactly the same, and yet are pronounced with diffe- 
rent vowels. But surely Sanscrit does not approach nearer to the old Persian 
language, as preserved in the cuneiform legends of the first kind, than Syriac 
does to its Hebrew original. Besides, a further objection lies against the existing 
practice, that it is, in a large class of instances, at variance with the express testi- 
mony of the very legends to which it is applied. ‘The secondary consonants 
are appropriated, most of them at least, to vowels different from a, which are 
sometimes, though irregularly, omitted. But, in such cases, the groups, as 
more fully written, clearly point out with what elements the transcriptions of the 
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defective ones should have their vacancies filled up ; and that it is not with a. 
Thus, the name of the father of Darius is uniformly represented, in the Persepo- 
litan legends of the first kind, by a group to be read ‘ Vishtaspa’ (or, perhaps, 
‘Whishtaspqa’ ), which is written with a secondary w, appropriate to, and followed 
by the cuneiform 7; while, in the Behistun tablets, the initial character of the 
same designation is syllabically employed, without any letter after it to denote 
the vocal part of the syllable ; and, in the reading of the latter group, the first 
supplied vowel should unquestionably be 7, in accordance with the fuller cunei- 
form expression of the same name. Major Rawlinson, indeed, in his transcrip- 
tion of the Behistun record, has constantly written this name “ Vashtaspa;” but 
he has virtually allowed this to be an erroneous representation of its sound, in the 
second chapter of his memoir, by giving there the right vocalization of its first 
syllable, and a just view of the matter, with regard to this and another particular 
example.* In cases, however, in which we have no longer any means of ascer- 
taining the vocal sounds of the old Persian words, the Sanscrit mode of supplying 
their place may as well be adhered to as any other, with the precaution of not 
inserting a short a oftener than is absolutely necessary for the pronunciation of 
all the elements of the cuneiform groups; but, wherever the slightest clue is 
afforded to the vocalization of those groups, it is to be followed in preference to 
a practice that has nothing but mere arbitrary convention to rest on. Thus the 
second group, in the common title of Darius and his son, Xerxes, transcribed 
without any supplementary letters, WZRK, and the modern Persian term, 6%, 
transcribed in the same way BZRG, may be well conceived to be connected; as 
the meaning of the latter, “great, powerful, grand, or magnificent’’ (see Richard- 
son’s Persian and Arabic Dictionary), is a perfectly suitable ingredient of the 
title in which the former occurs; and as the transition has been frequent in the 
course of time from the w power to that of v, and again from the v power to that 


*“Tn the name Vishtdspa, and in the term V’itha, ‘a house,’ or ‘family,’ the @ is irre- 
gularly suppressed at Behistun, although preserved at Persepolis; from which I infer that the 
character [for V] appropriated exclusively to that vowel had come to be used to a certain extent 
syllabically, that is, that it was admitted to express the sound of the vowel as well as the labial 
consonant ; and I have, accordingly, in the words above cited, continued to represent the ¢ in the 
Roman character, but have marked the peculiar cuneiform orthography, by placing a brief accent 
over the letter.” —Journal of the Royal Asiatic Society, vol. x. part ii. p. 151. 
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of b, while the remaining articulations of the two words are very nearly identical. 
But the modern Persian term is read ‘bwzurg,’ which affords, indeed, but feeble 
light for our direction, as we cannot be certain that the word was always so 
uttered; yet, even on this ground, the transcription of its ancient prototype 
should, I submit, be vocalized ‘wwzurk,’ rather than ‘wazark,’ as it has been 
by Lassen, or ‘wazarka,’ as by Rawlinson, with no more than imaginary or 
conventional grounds for either pronunciation. 

10. The tablets of the Behistun inscription deciphered by Major Rawlinson, 
namely, those insculped in the first kind of cuneiform character, powerfully sustain 
the view I have elsewhere given of the comparative merit of the histories respect- 
ing Persia in remote ages, that have issued from the pens of ancient and modern 
authors. In the first place,—what, indeed, might be expected a priori to be 
shown of accounts orally transmitted, which do not appear to have been committed 
to writing till about 1500 years after the reign of the first Persian Darius,—they 
expose in the clearest manner the utterly fictitious character of the portions of the 
histories of Persia, composed by natives of the country, that are supposed to relate 
to the times in which that monarch lived. ‘They, in fact, do not support, by 
even the slightest shade of resemblance, any of the names but one (‘ Gushtasp,’ 
which seems to be a corruption of their ‘ Whishtaspa’),* or any whatever of the 
events mentioned in the portions referred to of those compositions. In the second 
place, the tablets in question establish a high degree of accuracy for the historic 
work of Herodotus. ‘The contents of the two records embrace in common a vast 
number of names agreeing, in the great majority of instances, as closely as the 
difference between native and foreign pronunciation would permit; and likewise 
include descriptions of several incidents that tally with each other wonderfully, 
considering the different situations of their respective authors, who, cireumstanced 
as they were, could not be expected always to take entirely the same view of 
even the very same transactions. Among the items in which the compared 


* While the /”hisjitaspa of the Behistun inscription corresponds in nothing but name with 
the Gushtasp of modern Persian historians, he at the same time agrees in several other respects 
with the Hystaspes of Herodotus : as, for instance, each of them was son of Arsames (Arshama) ; 
each was father of Darius (Dariwush); and, while the former is placed in the very peculiar situa- 
tion of a general acting under the orders of his own son, the latter is found, in complete accord- 


ance therewith, young enough to be governor of Persia at the time of that son’s accession to the 
imperial throne. 
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documents substantially agree may be reckoned, the pedigree of Darius; the 
number of the provinces of his empire ;* the invasion of Egypt by Cambyses ; 
the fact that this Cambyses was son of Cyrus; the murder procured by him of 
Smerdis, his brother ; the circumstance of this man being so related to him, on 
the mother’s as well as on the father’s side; the personation of this brother, and 
seizure of the empire, by one of the Magi; the death of this Magian by the hands 
of Darius himself; the number and names, as far as they are legible, of his asso- 
ciates in this enterprise ; his elevation to the throne of Persia; and his quelling 
a revolt of the Babylonians, and capture of Babylon. The only point related by 
them in common, on which they materially differ, is respecting the names of the 
provinces of the empire of Darius. Even here they agree with regard to a 
majority of the names in question ; and, where they do not, the difference may, 
with a considerable degree of probability, be accounted for, partly by the circum- 
stance of some of the provinces having more names than one,f and partly by the 
practice of Herodotus, in distinguishing others, not by their territorial denomina- 
tions, but by those of the tribes by which they were respectively occupied.{ On 


* Darius states the number of provinces in his empire to be twenty-three, while Herodotus, 
on the other hand, reckons them only twenty. But the latter author omits Persia, which was free 
from taxation, as he enumerates only those countries and nations which paid tribute ; and at the 
end of his list he observes that, in the course of time, contributions were levied also from certain 
islands, and from those inhabiting Europe [from the Bosphorus] as far as Thessaly. Igsidyre: 
HErTOL TOD edvor, nal amo yyowy Hm eornie “Aros Pogo, nab tov ey 7 Eveann wees Occuring olxnpezvasy.— 
Herodotus, \ib. iii. cap. 96. If, in this passage, the writer understood the places from which the 
additional contributions came to form two provinces, he and Darius agree exactly as to their 
number; and at any rate they differ but by one. 

+ As an instance of the above mode of reconciling the two sets of names may be taken the 
‘ Mudraya’ of the Persian list, which is clearly identified with the A’jyuxres of the Grecian one, 
by the context of the portion of the Behistun record which relates to Cambyses. In accordance 
with this identification, it is stated by one of the Byzantine writers, that Egypt was called 
‘Muara’ (or rather ‘ Mudra’) by the Phcenicians,—ixaydn xal Muaga 4 ywen tro Doiwixwv,— 
Stephanus Byzantinus de urbibus et populis, in loco ubi disserit de Algypto,—where, by the 
way, as has been justly observed by Major Rawlinson, the cuneiform inscription enables us to 
correct an error of the copyists of this Grecian geographer and grammarian; since it shows that 
they changed MYAPA into MYAPA, deceived by the similarity of the letters A and A. 

+ The second of the above modes of accounting for the difference between the two lists may 
be illustrated by the ‘ Arabaya’ of the Persian list, which has no denomination to correspond 
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the whole, the degree of agreement between the contents of the histories here 
compared is really surprising, when we consider how independently of each other 
they were written; and so close a congruity between them could, I apprehend, 
have arisen solely from the truth in the main of both, as far as they refer to the 
same subjects. In the third place, the Behistun tablets evince the superiority of 
Herodotus even to Xenophon, in correctness of historic information. 

To show the bearing of this record upon the two latter heads, as well as to 
give some idea of the style it is composed in, I subjoin an extract from the begin- 
ning of Major Rawlinson’s free translation of it into English, inserting within 
brackets, after each proper name, a closer representation of its sound from his 
transcript of the cuneiform text into Roman letters, with (even where I think a 
change might be made for the better) no other, alteration than that of substituting 
italics, as I have all along done, for such of the latter characters as have none to 
correspond with them in the original groups : 

“Tam Darius [Dar(a)yawush], the great king, the king of kings, the king 
of the (dependent) provinces, the son of Hystaspes [ Vashtaspa], the grandson of 
Arsames [Arshama], the Achemenian [Hak’hamanishiya]. Says Darius the 
king : my father was Hystaspes; of Hystaspes the father was Arsames; of Ar- 
sames the father was Ariyaramnes [ Ariyaram(a)na]; of Ariyaramnes the father 
was Teispes [Chishpaish]; of Teispes the father was [Hak’hamanish]. Says 
Darius the king: on that account we have been called Achemenians ; from 
antiquity we have been unsubdued (or, we have descended); from antiquity those 


with it in the Grecian one; but, from the circumstance of the Greek historian’s uniting the 
Sagartians, the Sarangeans, the Thumaneans, the Utians, and the Mycans, with the inhabitants of 
islands in the Red Sea, as forming one set of payers of a joint tribute (lib. ili. cap. 93), it would 
appear that the tribes just enumerated lived in the neighbourhood of those islanders, and conse- 
quently within the limits of Arabia. Nor is it any objection to this location of the specified 
parties, that Herodotus elsewhere (lib. i. cap. 125) ranks Sagartians among the Persian tribes ; 
for the Sagartians here referred to must be quite different, as they paid tribute, from which, he 
tells us (lib. iii. cap. 97), every branch of the nation that inhabited Persia was exempt. The 
agreement thus made out between the two nations is, I allow, very far from being complete in 
this particular instance, in consequence of Darius’s representing the whole of a country as subject 
to him, of which only a part had really submitted to his authority. This instance, however, of 
boasting, does not cast any strong imputation on his veracity; as such exaggerations, with respect 
to extent of territory, have been resorted to by sovereigns in all ages of the world, without the 
practice being considered or intended as an absolute violation of truth. 
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of our race have been kings.* Says Darius the king: there are eight of my race 
who have been kings before me, I am the ninth; for a very long time we have 
been kings.” 

Let us compare with this extract the following passage of Herodotus, part of 
a speech of Xerxes, in which he is represented as incidentally giving his father’s 
pedigree : 

“For I could not have sprung from Darius (who was the son of Hystaspes, 
who was the son of Arsames, who was the son of Ariaramnes, who was the son 
of Teispes, who was the son of Cyrus, who was the son of Cambyses, who was 
the son of Teispes, who was the son of Achemenes), if I were not to take ven- 
geance on the Athenians.’’} 

The exact agreement between the first four names and the last one of the 
two lists is surely (considering the wholly independent sources from which they 
were taken) very striking; and, even where those lists differ, the remainder of the 
Persian statement attests the perfect correctness of the Grecian enumeration; for, 
though Darius mentions but five names in the line of his descent, he expressly 
declares that eight of that race were kings before him,—the very number of them 
distinctly reckoned up by the Greek historian. Moreover, the same statement 
adds strength to the grounds I have, in the second part of my Work, assigned for 
preferring the account of Herodotus to that given by Xenophon, with respect to 
the condition in life of the father of the principal Cyrus. The part of the quoted 


* In the above sentence Darius speaks of his family at large, as is indicated by his use of the 
pronoun ‘our;’ but in the next sentence he speaks of that particular branch of it to which he 
himself belonged (and which he had just before described), as is marked by his use of the pro- 
noun ‘my.’ There is the same word, ¢wmd, in both places of the original ; but still, I am in- 
clined to think, the difference of the senses in whch it is employed would have been better 
pointed out in the English, by varying its translation; by, for instance, inserting the expression 
“our family,” in the former place, and leavy'ng, as it stands, ‘‘my race,” in the latter. In 
accordance with this distinction, Darius subsequently speaks of Camb: es, the son of Cyrus, as 
member “ of owr tuma,” but never of him as member “‘ of my tuma:” for Cambyses belonged 
to the same family as he did, but not to the same branch of that family. 

+ Mh yee etn én Acesiov roy Yordiomeos, Tov "Agrdptos, Tov "A picegct paved, tou Teicmeos, Tov Kipov, TOU 
KauBucew, tov Teicmsoc, tov "A ycoespeeveos YE OVE, fen Tipewenrepeevos A bavatovs.—Herodotus, lib. vii. 
cap. 11. The third name in this pedigree of Darius is variously written in different copies of the 
work, "Agusew, Agiceduew, or Agsccedevew. ‘The Behistun inscription actually enables us to decide 
which of these is the correct reading of the word. 
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declaration of Darius that bears upon this point evidently does not mean that the 
eight persons of his own race referred to were all kings de facto,—as, at any 
rate, such of them as were contemporary with the Cyrus in question and his son, 
Cambyses, could not have been so,—but merely signifies that they had in succes- 
sion a just claim to the throne, in virtue of their birthright. Now it is not, I 
submit, laying too great a stress upon the veracity of our royal author, to main- 
tain that he could not have made the public declaration he did, in this sense, 
unless his race was notoriously the eldest branch of the Achemenian family ; or, 
at least, unless it had become a matter of uncertainty what race was really entitled 
to that distinction.* But both suppositions are at variance with the account 
Xenophon gives of Cambyses, the father of Cyrus, which is simply that he was 
king of Persia, without adding how he came to the throne,—an omission which 
implies that he held it by clear and undisputed right of inheritance ;—while, on 
the other hand, either of those consequences drawn from the above declaration 
is fully compatible with the representation of Herodotus, that the individual in 
question was, indeed, a Persian of good family, but yet of so low a condition, as 
to be deemed by Astyages far inferior to a Mede of even middle rank.+ Nor do 
the numerous insurrections against the authority of Darius, which are described 
in the rest of his record, tell against the mference here drawn from its com- 
mencement; for, even supposing it certain that Cyrus belonged to a junior 
branch of the royal family, the Persians might yet have considered him as having 
acquired a right to the crown by his exploits, and as the founder of a new 
dynasty; in reference to which dynasty Darius, unless he was the nearest surviving 
relative of Cambyses, must have been an usurper, though the legitimate repre- 
sentative of the older race of kings. 

The brevity with which the several victories recorded in the Behistun tablets 
are described, is not, I apprehend, to be attributed to any remarkable modesty of 


* The above state of uncertainty would have naturally arisen among a people without the be- 
nefit of alphabetic writing, if they, as there is reason to think was the fact, were deprived of a regal 
government of their own by their Median conquerors, and no member of their royal family was 
actual king for some generations. Had the paternal pedigree of so remarkable a man as Cyrus 
been exactly known, it surely would have been recorded by some ancient author, as well as that 
of Darius. 

+ [Acrucyns | 3 [Meevdecévny ] Tlépon didor, To oUvoece ny KapeBvons* Tov eeirne oixins peey evra ceryccbns, 
Teomov Be novyiov" morra evegbe aywy cedToy marov dyvogos Mydov.— Herodotus, lib. i. cap. 107. 
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the author, but to the extreme clumsiness of the alphabetic writing of his scribes, 
which required considerable space for even the shortest sentence; so that much 
could not be told, unless all superfluous redundancy of expression were omitted. 
As to the difference between him and Herodotus in the selection of materials, it 
can be very naturally accounted for. Darius suppresses some particulars which, 
it may be readily conceived, he did not wish to make known to posterity, as, for 
instance, the groom’s artifice to which he was indebted for his election to the 
crown, and likewise his disastrous expedition into Scythia; others he fails to men- 
tion, most probably from their not having occurred till after the insculpture of 
the Behistun inscription, as his conquest of India, and the invasion of Greece ; 
while, on the other hand, numerous battles fought, and victories gained in 
crushing insurrections, are passed over without notice by the Greek historian, 
in consequence, it is likely, of his supposing that no value would be attached to 
any account of them by the generality of readers. And, in fact, however inter- 
esting the recovered portion of the history of Darius may at present be, from the 
manner in which it has been brought to light, after a concealment of considerably 
above two thousand years’ length, the detail of the achievements it records is not 
of the slightest use to us, farther than as it explains why he was distinguished by 
the characteristic denomination of the ‘coercer,’* and serves to display more fully 
the extraordinary talent and energy he possessed. But the power of his mind is 
by nothing proved so strongly as by his voluntary adoption of alphabetic writing,+ 


* The name ‘ Darius,’ like most of the ancient ones, is characteristic, signifying ‘ coercer,’ 
in the ancient language of the Persians, as we are informed by Herodotus (lib. vi. cap. 98); and 
his evidence on this point is strongly supported by the fact that there is still extant in both the 
Sahscrit and Zend, which are closely connected with the above language, a root with the mean- 
ing ‘to coerce,’ and having a near affinity in sound with the word in question. This fact is 
stated by M. Burnouf, as follows: ‘‘ En résumé Dariuch signifie réellement coercitor, comme le 
pensait Hérodote, parce que ce mot dérive d’une maniere naturelle du radical Sanscrit et Zend 
dhri (contenir).”’—Meémoire sur deux Inscriptions Cuneiformes, &c., p. 68. 

+ It has been taken for granted by some authors, rather too precipitately, that the use of cunei- 
form writing of the first kind was introduced by Cyrus, on account of the triple inscription to his 
memory found at Murghab, one part of which is in this writing. But Cyrus can hardly be sup- 
posed to have got his own epitaph written; and the building on which the several copies of it 
were inscribed, is proved, even by its ruins, to have been of so magnificent a description, that 
there could scarcely have been time for its erection after the death of this conqueror till the 
reign of Darius. 
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which, indeed, it was his practice to combine with other kinds, as better known 
to his subjects ; but for which he still marked constantly his preference by the 
place he gave it in the triple cuneiform inscriptions. And the soundness of his 
judgment on this point is the more conspicuously exhibited by contrasting his 
conduct with that of his successors, who, after the species of writing in question 
had been once introduced, and its superior utility had of necessity been per- 
ceived, at least to some extent, allowed it, notwithstanding, to be discarded, in 
compliance with the interests or the prejudices of their scribes. 

11. I shall now proceed to bring together under view the specimen of the 
name Xerwes, written both in cuneiform and in hieroglyphic characters on an 
alabaster vase in the ‘ Cabinet du Roi,’ at Paris, which was first noticed by Count 
Caylus, and another of the name Artazerwes, similarly expressed in the same two 
kinds of writing, which was more recently discovered by Sir J. G. Wilkinson on a 
vase of like material in the Treasury of St. Mark, at Venice. Copies of the two 
specimens are inserted under Nos. 2 and 3 in the table connected with this paper, 
taken from the sixth plate in the thirty-first volume of Miscellaneous Tracts, pub- 
lished by the Society of Antiquaries of London, under the title of Archeologia ; 
but I have omitted the cuneiform writing of the second and third kinds (which 
I hold to be non-alphabetic), as also the portions of the lines in the first kind of 
that writing after the two names, which are partly mutilated, and likewise the 
second representation of the name Artaxerxes, in the same character, as altered by 
Major Rawlinson. Contiguous to the cuneiform characters, and to such of the hiero- 
glyphs as are used as letters, are placed the phonetic values they are confined to, or 
admit of; according to which the Persian and Egyptian designations of the first 
name should, I submit, be read respectively, KhShEARShA and KhSEALSA ; 
and those of the second, ARDaKhCheShE and ALTDakKhSaSa. The final cha- 
racter of the second cuneiform designation, the more usual value of which is 7, Major 
Rawlinson altered to the letter of ch power, making it the same as the antepenulti- 
mate one of the group, which he in consequence reads ARDaK’hChaShCha ;* 


* The reading of this name, in the plate of the 4rcheologia above referred to, is engraved 
ARDaK’hChaShaCha; but it is not fair to impute to the Major the blunders of his correspond- 
ents; and I have, therefore, ventured to substitute in my text a transcription in accordance 
with Ardak’chashcha, which is that given by himself in the second chapter of his memoir, at 
the bottom of page 50. 
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but he was quite unwarranted in this alteration, if the specified plate of the Arche- 
ologia be correct, which exhibits the character in question in as perfect a state as 
any in the group it terminates, and shows mutilation only in the subsequent part of 
the same line, which has not been copied in my table. Had the Major perceived 
the correspondence of this character to the Shemitic yod, in occasionally serving 
to denote the sound e, he would have found no necessity for correcting it in this 
place; where, in fact, e answers better than any other vowel to that used by 
Herodotus in his transcription of the last syllable of the above designation. He 
considers this designation, as changed by himself, a very corrupt one; and, to 
give time for such corruption taking place in cuneiform orthography, concludes 
that it was intended for the last sovereign of the name it expresses, that is, for 
Artaxerxes Ochus. But, granting the altered, or even the unaltered group, to 
be very corruptly written, still the inference thence drawn by our author does 
not stand, and the Artaxerxes here denoted may, notwithstanding, have been 
(and most probably was) the immediate successor of Xerxes ; as the deviation in 
this instance from correct Persian orthography is best accounted for by the pro- 
vincialism of the writer. or the use of /, instead of 7, in the Egyptian portion 
of the specimens before us, proves them to have been written, not by Persian, 
but by Egyptian scribes, who probably belonged to some tribe that in after times 
spoke the Bashmuric dialect of the Coptic language.* A Persian would, to a 
certainty, have employed a hieroglyphic r in the Egyptian designation of either 
of the two names, where the / now appears in it; while, on the other hand, an 
Egyptian, even though of a tribe of men that were unable to utter 7, must yet 
have inserted a cuneiform letter of this value in the Persian designation of the 
same name; as the cuneiform alphabet afforded him no option on the subject, not 
containing any element immediately and properly of / power. On the cuneiform 
part of these specimens I have only further to observe, that the use of the cunei- 
form y, in the first name, as a mater lectionis, is fully attested by the correspond- 
ing letter of the hieroglyphic designation of the same name, viz., the two 
feathers, which always stand immediately for a vowel, whether ¢ or 7, according 
to the exigency of the case. 


* But few fragments of the above dialect have been as yet published ; one of its most remark- 
able features, as displayed in those fragments, is, that 7 is wanting in them, and that they always 
exhibit the Coptic Z, where the letter of power is employed in the other two dialects of this tongue. 
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But a comparison of the two specimens serves to throw a still more interesting 
light on their Egyptian portions, as, for instance, in the following particulars. 
In the first place, the second hieroglyph in the first cartouche is shown by its 
variant in the second cartouche, the divided sceptre, not to be invested, as has 
been hitherto supposed, with the power of sh, but merely with that of s. This 
result adds to the many proofs I have elsewhere advanced, of the phonetic use of 
hieroglyphs by the Egyptians having been derived solely from Greek writing ; 
for here, in the transcription of the Persian sh, there is employed a letter of 
merely s power, precisely in the same defective manner as a Grecian scribe would 
have been compelled to express its value by a sigma, if he had given separate 
signs for the cuneiform kh and sh, instead of substituting his «i for both com- 
bined. The Coptic alphabet, indeed, includes a letter of sk power, which is one 
of the circumstances that contribute to show it was not formed till after a commu- 
nication was opened between Egypt and Asia, by the reduction of that country 
under the dominion of the Persians; but the system of phonetic hieroglyphs 
having commenced while yet the Egyptians had intercourse with no alphabetic 
writers but Greeks,* was subsequently confined, through the force of habit, to 
the same powers that it had at first; in consequence of which, its extant remains 
still betray, and that, too, in several ways, its exclusively Grecian origin. 

In the second place, the circumstance of exactly the same collection of hiero- 
glyphs being exhibited in common in the lower part of both cartouches, naturally 
suggests the notion of its signifying the commén title of the Persian sovereigns, 
viz. ‘great king, king of kings,’ which is found so generally subjoined to the 
royal names in cuneiform legends. In accordance with this view of the bearing 
of the collection, we may observe that the sceptre, a symbol of ‘royalty,’ and 


* The policy observed by the native princes of Egypt, of excluding all foreigners from inter- 
course with their subjects, was first deviated from in favour of Greeks, and in the time of Psam- 
metichus; who, as we are informed by Herodotus (lib. i1. cap. 154), having ascended the throne 
by the aid of some Ionian and Carian soldiers that had been shipwrecked on the coast, gave them 
a settlement in the country, and had certain Egyptian children committed to their care, to be by 
them instructed in the Greek language, and, consequently, in the Greek mode of writing. This 
account of Herodotus is corroborated by Diodorus Siculus (lib. i. cap. 67), both as to the reign in 
which the intercourse with Greeks began, and as to the immediate consequence of that intercourse. 
But the latter historian makes a more direct reference to alphabetic writing, as he tells us of the 
Egyptian boys being instructed, not merely in the Greek language, but in Greek learning. 
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thence of ‘king,’ occurs twice among its ingredients; while the intervening cha- 
racter, a bird with extended wings, is, like the spread eagle of European heraldry, 
a suitable emblem of ‘supremacy,’ or ‘dominion.’ But in the examination of 
part of the Rosetta inscription, in the first volume of my Work, I have shown, I 
think, beyond a doubt, that figures of the limbs of the human body, when idea- 
graphically used in this kind of writing, served to denote action. The hand, 
therefore, at the bottom of this collection, when combined with the bird, has an 
effect on its signification analogous to that which would be produced in alphabetic 
writing, by changing an abstract term into the form of a participial noun, or par- 
ticiple active ; so as, for example, in the present instance, to convert the meaning 
of ‘rule,’ into that of ‘ruler,’ or ‘ruling.’ It may be added, that the connexion 
of the symbols requires the second emblem for ¢ king’ to be understood in a plural 
sense ; precisely as, even up to the present day, in Chinese writing, it, in general, 
depends solely on the context of the passage in which an ideagram occurs, whether 
it be made to represent one or more individual persons or things. If this expla- 
nation be just, the Egyptian title, virtually agreeing with the Persian one in four 
of its elements, must equally do so in the remaining ingredient, the symbol at 
the top of the collection, which, in consequence, is found to tally with the group 
of the cuneiform title WuZuRK, signifying ‘great; and thus the literal mean- 
ing of the whole ideagraphic expression comes out, ‘ great king, ruler of kings.’ 
It is no objection to my analysis, that the plural sense of a noun is indicated in 
the Rosetta inscription by the repetition of its sign three times, or by connecting 
therewith three little straight lines or marks of units. The difference, in this 
respect, between the earlier and later modes of hieroglyphic designation, is merely 
the result of one of the improvements which were, in the course of little more than 
two centuries, effected in the style of the Egyptian scribe, by his acquaintance with 
Greek writing. Neither is it any objection to the virtually complete identity of 
the Persian and Egyptian titles here compared, that an expression for ‘king’ 
occurs three times in one of them, and only twice in the other: as three sceptres 
brought immediately together, in writing as yet destitute of connecting marks, 
would merely signify a plurality of kings; and the only inference that could be 
drawn from their assemblage in the two cartouches would be, that the Egyptian 
insculptors had arrived at a mode of distinguishing the plural number in their 
legends earlier than, in the actual state of the case, it appears they did. From 


VOL. XXI. 20 


290 Rev. Dr. Watt on the different Kinds of Cuneiform Writing 


the very defective nature of this writing so far back as the times of Xerxes 
and his son, Artaxerxes, it would have been impossible to express the requisite 
meaning, without making the middle symbol of the three under consideration 
different from the other two. In fine, if any one should prefer reading the 
Egyptian title, ‘great king, emperor of kings,’ I do not demur to this version of 
the sentence, as it is in vain to attempt confining such a vague mode of designa- 
tion to any precise form of words. I claim only to have ascertained the general 
bearing of the collection of symbols referred to; and so much, I am in hopes, it 
will be allowed that I have effected. 

What greatly increases the probability of the foregoing analysis being in the 
main correct, is the total failure of the attempts to explain the same title on the 
assumption of its elements being phonetically employed. According to this view 
of the manner in which they are significant, the aggregate of them corresponds 
in meaning, not to the entire cuneiform title, but only to its second group, and, 
therefore, would, through the interpretation of that group at present received, 
merely denote the epithet ‘great.’ But, surely, it is not for a moment to be 
imagined that the Egyptians, who conferred on their Grecian sovereigns such 
a multitude of titles as are displayed in the Rosetta inscription (among which is 
included even that of divinity), would have been sparing of their terms of ful- 
some adulation to a Persian monarch, and have styled him simply ‘ Xerxes the 
great,’ or ‘ Artaxerxes the great,’ without even so much as calling him king ; 
while the subjects of his native dominions, though in a far less degrading posi- 
tion, yet honoured him with the appellation of ‘king of kings.’ Surely, the 
mode here attributed to the Egyptians of styling their sovereigns, which is so 
comparatively devoid of servility, is utterly inconsistent with the character of that 
people while under foreign sway, as well as with the abject state of slavery to 
which they were reduced by their Persian conquerors. Even, then, if the pho- 
netic application of the hieroglyphs, which necessarily leads to the above, or some 
similar construction of their bearing, were advocated with the most imposing 
plausibility, it should still be rejected as quite inadmissible. In point of fact, 
however, not the slightest semblance of an adequate reason has been adduced 
for any such application of those characters; as may, I conceive, be plainly seen 
from the following review of this part of the case. 

Though St. Martin had no warrant beyond mere conjecture for his attempt 
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to decipher the second group of the cuneiform title, 2-e-r-e, and interpret it 
either ‘valiant,’ or ‘Arien;’* yet, upon this weak authority, Champollion con- 
fidently read what he assumed to be the corresponding Egyptian expression, 
that is, the five hieroglyphs under discussion, 7-r-e-n-a, or i-7-ie-n-o, and assigned 
to their combination the meaning of ¢ Persian.’ The first step of this process 
being now on all sides abandoned, the remaining ones dependent thereon must 
be equally rejected ; but, I must add, Champollion’s part of the investigation 
bears, even on the very face of it, the marks of its unsoundness. I do not allude 
to this author’s assigning here to the bird with expanded wings the phonetic 
value of e or ze, and giving it elsewhere, as M. Klaproth has observed, that of 
p3t because this latter application of it is not before us. But, confining our at- 
tention to the collection of characters now under view, the slightest consideration 
must show the inconsistency of using the sceptre in one place with the power of 7, 
and in another part of the very same collection with that of m. Moreover, allow- 
ing for a moment that this collection could be read Lrena, or Irieno, no proof 
is offered of this beimg the Coptic or ancient Egyptian term for ‘a Persian,’ nor, 
indeed, is there any trace of either series of articulate sounds constituting a Coptic 
word at all. At present the combination of hieroglyphs in question is read 
Erpra, and interpreted ‘great,’ with fewer blunders, indeed, than before, but 
with no better success in the course of the investigations leading to these results. 
With respect to the process of deciphering resorted to, the sceptre, it is true, 
has not here appropriated to it two inconsistent powers; but the phonetic values 
of the first and third, supposing them to be ever used as letters, are not satisfac- 
torily established ; and, even could it be proved that the entire five admitted of 
being correctly read Erpra, there yet is no such Coptic word extant,—at least, 
no one like it is to be found in Peyron’s or Tattam’s Dictionary. Again, with 
regard to the interpretation, it is, I grant, made out with a high degree of proba- 
bility, that the second group of the cuneiform title means ‘great;’ but still the 
inference that the hieroglyphic combination under discussion also means ‘ great,’ 


entirely fails; because, though one of the premises from which this inference is 


* See Memoires de l’ Académie Royale des Inscriptions et Belles-lettres, tom. xii. seconde 
Partie, pp. 129, 130. 
t See Précis du Systéme Hieroglyphique, premiére Edition, p. 179. 
t See Examen Critique, &c., par M. Klaproth, pp. 30-32. 
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drawn is most likely to be true, the other, that the whole hieroglyphic title 
corresponds to only a part of the cuneiform one, is a mere gratuitous assumption, 
with nothing in its favour, and with, as has been above shown, very strong reasons 
against it. Yet the reading and signification so arrived at, of the collection of 
hieroglyphs in question, are, in the article of the Archwologia here referred to, 
put forward authoritatively, without proof, as if too well known to require any, 
in the following terms: “ The hieroglyphics, as given by Champollion, in his 
‘ Précis du Systéme Hiéroglyphique des Anciens Egyptiens,’ plate vil. fig. 125, 
read Kh-sch-e-a-r-sch-a, ‘ Xerxes,’ followed by Erpr, which he conjectured to 
read Irina, or Iriéno, and to signify Iranien or Persian. This interpretation, 
however, must be abandoned, for Erpr means great.”* ‘Thus it is, that whatever 
falls in with the popular opinion of the day is confidently proposed, and as 
readily received, upon the mere assertion of the writer; and seldom, before expe- 
rience has assisted to prove the futility of one of those opinions, or its consequences, 
does any attempt to refute either gain a fair hearing, with that degree of atten- 
tion to the arguments adduced on the occasion, which is necessary to a just 
decision of the question at issue. This complaint is not directed against Mr. 
Pettigrew in particular,—the author of the article from which the quoted passage 
is taken,—but against the practice in general which prevails upon the subject. 

I should not have dwelt so long on this example, but for its bearing on the 
subject of the present Essay. The vain effort to decipher and interpret ideagra- 
phic records as if their texts were phonetic, which has already been made in the 
case of the monumental inscriptions of the Egyptians of old, with an ill success 
that might have been anticipated from the express testimony of ancient authors, 
as to the manner in which the elements of those inscriptions are, for the most 
part, significant,f is now in course of being repeated, with regard to legends in 
two of the three kinds of cuneatic character of late years found to have been 


* Archeologia, vol. xxxi. p. 276. 

+ Of the ancient Greek and Roman authors who allude to the hieroglyphic writing of the 
Egyptians, every one, without a single exception, represents it as ideagraphic: even Clemens 
Alexandrinus, who mentions the use of letters in it, still, in speaking of its general nature, calls 
it symbolic; and Diodorus Siculus, moreover, expressly denies respecting it, when considered in 
the like general point of view, that its elements served to denote any combination of syllables, in 
a passage which may be seen examined in the first chapter of the second part of my Work. 
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employed, at a very remote period, by Persians; which legends are rashly assumed 
to be alphabetically written, because those in the kind of that character called the 
first are ascertained to be so. Every illustration, therefore, of the futility of the 
attempt in the former instance must be of use, through its tendency to awaken 
suspicion and deter men from the repetition of a like waste of time and labour, 
before they have been so long and so busily engaged in this second investigation 
as to have become infatuated with it, and blind to all proof of its visionary and 
fruitless nature. With persons as yet unprejudiced on this subject, the following 
considerations may also have, perhaps, some influence in guarding them from 
erroneous views respecting the point under discussion. 

12. If we turn to No. 4 in the annexed table, which exhibits a copy of the 
triple inscription, so often repeated, on the remains of the pillars in the ruins of 
Murghab (supposed to be the site of the ancient Pasargade), we must be struck 
with the great difference of length of the legends in the three kinds of cuneatic 
writing, allowing,—what is on all sides conceded, and is most likely to be the 
actual state of the case,—that they all convey the very same meaning. The 
legend in the first kind of this writing,—which is read ADaM* KURUSh 
KhShA YaThlYa HaKhAMaNIShIYa, and signifies literally “I am Cyrus, 
king, Achemenian,’’—occupies the two upper lines of the inscription ; while the 
others take up the two under ones, each having but a single line appropriated to 
it. As the purport of the deciphered legend is told in the fewest possible words, 
the greater shortness of the other two is not to be attributed to any greater brevity 
of style employed in them; nor could it be occasioned by any difference of lan- 
guage, as two of the words, the proper name and the derivative from one, which 
make up at least half the entire written sentence, must be nearly the same in all 
languages; neither can it be laid to the account of smaller writing, as the general 
size of the several compound characters in each of the lower legends is actually 
greater than that of the letters in the top one; nor again is the explanation of it 
at present received by any means satisfactory, the assumed cause,—namely, that 
the elements of the two kinds of writing in the under legends are syllabically 
used,—not being adequate to the effect assigned to it. For seven of the fourteen 


* Tt is a curious circumstance that inthe old Persian language, preserved in the cuneatic 
legends of the alphabetic class, the pronoun of the first person singular should be identical with 
the name of the first man. The same pronoun is dham in Sanscrit, and 4zem in Zend. 
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syllables in the uppermost legend are already written with single characters, or, 
if with two, still without any vowel-letter ; if, then, the whole of that legend were 
to be so written, only a quarter of its length could, at the most, be thereby ab- 
stracted ; and, consequently, upon a similar supposition with regard to the others, 
they would, ceteris paribus, be three quarters, instead of only half as long as 
that with which they are compared. We are, therefore, as it would appear, una- 
voidably reduced to the necessity of concluding that the characters they are written 
with, must be either contractions of alphabetic groups or ideagrams ; and those 
characters, I may further observe, are proved to be limited to signs of the latter 
kind, by the omission of the verb substantive in the principal legend,—an omission 
which, as I have shown in the case of the original Pentateuch, and, perhaps, still 
more strikingly in that of the Coptic translations of the Septuagint and Greek 
Testament,—strongly indicates a predominant familiarity of the writer with idea- 
graphic modes of designation, and thus renders probable his use of such modes in 
one, at least, if not in both, of his subordinate legends. 

A further objection to the assumption of the second and third kinds of the 
writing in question being alphabetic, is suggested by another feature in the 
appearance of the above, or indeed in that of any other specimen of the triple in- 
scriptions of the Persians. The characters are separated by a certain mark into 
distinct groups, only in the first legend of the epigraph before us. Now, if the 
elements of the second and third kinds of writing employed in this epigraph, were 
symbols, each of which was significant by itself, we can easily conceive why they 
were not parcelled into separate combinations. But if they were letters, which 
become significant only by uniting several of them together, it appears quite 
inexplicable that an insculptor, who showed himself perfectly aware of the advan- 
tage of distinctly grouping the characters in one kind of alphabetic writing, 
should not have equally availed himself of it in the other two kinds. 

13. With regard to the species of cuneatic writing called the second, or 
the Median kind, several of the characters in this, and in the sort termed 
the first kind, are very similar; and four of them, viz., TE, =y - ay : |S 
are absolutely identical. Hence it is plain that the framer of the Persian cunei- 
form alphabet introduced into it, through the force of habit, four of the elements 
of the older kind of writing, long previously familiar to him ; and, consequently, 
he must, from the same cause, have adopted, if they were therein phonetically 
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used, their powers as well as their shapes, as far as suited the alphabet he was 
constructing ; that is, if they represented consonants or vowels in the older writ- 
ing, he would necessarily have given them the very same values in his new 
system ; or, if they denoted whole syllables in the former kind of writing, he 
must have selected parts of those syllables as their powers in the latter kind. 
But the four characters above adduced are perfectly ascertained to be, in the first 
kind of cuneiform writing, equivalent to respectively k, r, 4, and s; while no 
corresponding powers, except for the last of the four, would answer in the second 
kind ; and, as far as I can find, the only ones claimed forthem on the supposition 
of their being therein employed with phonetic significations are, for the first and 
second respectively, pw and pa, by both Westergaard and Hincks, and for the 
third and fourth, in like manner, jo and s, by the former author, and yz and as, 
by the latter. The requisite condition, then, in order to the cuneatic writing 
called Median being really phonetic, is complied with in only one of the four 
cases,—a coincidence which, therefore, must be looked on as merely fortuitous. 
But, even allowing to this single instance as much weight as to any one of the 
rest, there is, still, a balance of evidence to the extent of three to one against the 
elements of this writing being phonetic, and, consequently, in favour of their 
being ideagraphic signs. 

14. With respect to the third, the Babylonian, and the Ninevite* kinds of 
cuneiform writing, which have all of them a close affinity to each other, the 
principal transcriber of specimens of the last mentioned kind, M. Botta, in the 
French memoir lately published by him, wherein he professes to determine the 
variants or homophones belonging to this writing, has, by his manner of treating 
the subject, even in his introductory example, shown that the objects of his 
research are, in reality, not letters of the same power, but ideagrams of the same 
meaning, whatever might be the words by which they were formerly read. 

The following line presents to us the example in question : 


— YY, 
a FE HE 
This series of six characters the author considers as expressing the name of some 
* Khorsabad, where the bas-reliefs and cuneiform inscriptions have been found, the beautiful 


engraved copies of which do so much credit to the skill of M. Botta as an artist, is supposed to 
be the site of the ancient city of Nineveh. 
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castle or fortified town, from its frequent occurrence in lists connected with bas- 
relief representations of the capture of such places ; and, if he had viewed it only 
in this general light, without limiting it to being a phonetic designation, he 
would, most probably, have been so far in the right. His leading remarks upon 
this supposed alphabetic denomination are as follows : 

“Tl faut d’abord en retrancher le premier signe yy), qui, quelle qu’en 
soit la valeur phonétique, précéde tous les noms de villes représentées 4 Khor- 
sabad. Ce caractére doit signifier ville ou pays, car c’est un équivalent indu- 
bitable du signe 44, lequel n’est autre chose, 4 son tour, que le signe && 
de Persépolis. Comme ou le sait, en effet, celui-ci, deux fois répété et suivi du 
signe du pluriel, représente, a Persépolis, le mot qui doit signifier région. De 
plus, a Nakchi Roustam, ce méme signe &, se trouve en téte des noms de pays, 
comme cela a lieu, pour le signe 44, 4 Khorsabad. II n’y a done pas lieu de 
douter que TY, ne soit un charactére signifiant a lui seul, ou par abréviation, 
pays, région ou ville.”’* 

So much for the initial character of the series, and for M. Botta’s mode of 
proving two other characters equivalent to it, evidently not in sound but in 
meaning. With respect to the five remaining elements of his example, he ob- 
serves in the next page that he has, in the inscriptions at Van, found their order 
inverted ; and to reconcile this circumstance with his theory of their being pho- 
netic signs, he is forced to assume, either that the last three form no part of the 
name, but convey over again pretty much the same meaning as the first one; or 
that those three express the same sound as the two immediately preceding them 
when taken im their original order : 

“© Chose remarquable, on le voit méme renversé, et écrit ainsi.......... 
cela me semble prouver complétement que les deux portions de ce nom sont in- 
dépendantes l’une de l’autre, puisqu’on peut les transposer. Cela me semble 
d’autant plus certain, qu’a Persépolis les groupes [the last three] paraissent avoir 
Je sens de peuple ou région; du moins, dans la colonne assyrienne, ils occupent 
une place qui répond a celle de ces mots dans la colonne persane. On peut, 
cependant, d’expliquer ce fait d’une autre maniére. On peut supposer que, 
puisque les groupes [the two after the first] remplacent les groupes [the last 


* Journal Asiatique, Quatrieme Serie, tom. ix. pp. 377-8. 
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three], ils représentent des sons a peu prés semblables : dans ce cas, il serait pos- 
sible de ramener le nom en question au nom méme du rocher sur lequel est bati 
le chateau de Van, le Khorkhor.’’* 

But, surely, without resorting to either of those arbitrary assumptions, the 
natural inference from the circumstance observed by M. Botta is, that, if the 
series in question be a name at all, it is one of the old characteristic denomina- 
tions, which consisted in an enumeration of the qualities by which a person or 
place was supposed to be distinguished ;—an ideagraphic description which was 
not in the least altered by changing the order of the enumerated attributes. 

15. One of the most striking proofs of the non-phonetic nature of the hiero- 
glyphic writing in the general texts (outside the royal cartouches) of the 
Egyptians legends, is grounded on the impossibility of reading such of them as 
belong to the second century, in any of the dialects of the Coptic, as then spoken 
by the Egyptians, or, indeed, in any known language whatever. The dates of 
the legends referred to are fixed by the names of the Roman emperors phoneti- 
cally expressed in their cartouches ; and the dialects made use of about the same 
time in Egypt are preserved to some extent in the remains of the Coptic trans- 
lations of the Scriptures that were framed in the above-mentioned century. But 
if the latest specimens of the writing in question be not phonetic, then, a fortiori, 
none of the earlier ones could be of such a description. This point may be seen 
more fully discussed in the first chapter of the second part of my Work. Now, 
a similar proof can be brought to bear against the supposition of the legends in 
either the third or the Babylonian species of cuneatic character being alphabeti- 
cally written. A vast number of bricks, or fragments of bricks, with writing in 
the latter kind of character stamped on one of their sides, have been dug out of 
the ruins of Babylon ; as is, in the following passage, incidentally attested, from 
personal observation, by a traveller who paid particular attention to the subject : 

‘“‘T must here remark, that I have only given one specimen of the inscription 
on each style of brick; but there are endless varieties, as the millions of scattered 
fragments show, and which might be an interesting pursuit for any future tra- 
veller, who had leisure for the object, to examine and duly copy the result.”’t 

From the prevalence thus indicated of inscriptions in a certain species of 


* Journal Asiatique, Quatrieme Serie, tom. ix. pp. 379-80. 
+ Travels by Sir Robert Ker Porter, vol. 11. p. 395. 
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cuneiform character in Babylon during the days of her splendour, it may, I 
submit, be fairly inferred that their remains exhibit what was the national writing 
of the inhabitants, as long as buildings continued to be erected there, or down 
to the time of the capture of the town by Cyrus, after which the place was con- 
stantly on the decline, till it became a total ruin. But the national tongue of 
the same people, as spoken by them at the period just specified, is also preserved 
to us in several chapters of the book of Daniel and other portions of the original 
Scriptures of the Old Testament. We should, therefore, be in possession of the 
very language of the Babylonian inscriptions, if their lines consisted of groups 
immediately expressive of words ; and whenever a sufficient quantity unmutilated 
is supplied of any species of alphabetic writing in a known tongue, it can always 
be deciphered and translated. This, however, remains still unaccomplished with 
regard to the Babylonian inscriptions, though such numbers of them have been 
found of considerable length, with the whole, or a great part of each, in a perfect 
state ; nor has there been as yet elicited from any of them a connected sentence of 
even the simplest and briefest form. But the case is yet stronger with respect to 
the legends of the Persians in the third kind of cuneiform writing, which are in a 
cognate character, and, supposing them phonetically significant, would be in the 
same language, as is implied by the epithet, ‘ Babylonian,’ which is extended to 
them. At all events, the purport of each of these is, known through the aid 
of the equivalent legend in the first kind of cuneiform writing; and if the fore- 
going supposition was to hold with regard to them, not only would they too 
be in a known language, the Chaldee, but also their groups representing names 
(ascertained by the same aid of corresponding legends) would not be mere cha- 
racteristic descriptions indirectly suggesting those names, but would directly 
express their sounds; and, consequently, the analysis of those groups would at 
once determine the powers of several of the elements of the system. Consider- 
ing, then, the great advantages that would be thus afforded to an investigator of 
the legends in question, and the length of time—nearly half a century—which 
has elapsed since they were first subjected to examination, as well as the mdustry, 
the ingenuity, and the skill that have been expended on the research, surely 
it must have been long since brought to a successful issue, if the writing em- 
ployed in those legends had really been alphabetic. But, notwithstanding all 
this, there has not as yet been published, as far as I can learn, a single sentence 
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of this writing transcribed into Chaldee, or any other language ; and the names 
are made out to be expressed in letters only through means that are quite inad- 
missible ; as a brief reference to them, a little further on, will, I apprehend, be 
sufficient to show. 

16. Here it may, perhaps, occur to the reader to object, that the Babylonians 
must be allowed to have possessed an alphabet at a very remote period ; since 
there is a tradition of considerable standing, that Ezra thence borrowed the 
square, or Chaldean character, with which the Hebrew text of the Bible is now 
written, and substituted it, on the return of the Jews from Babylon, for that 
previously employed by them, with which they had become less familiar during 
their Chaldean captivity, and which he, in consequence, abandoned to the use of 
the Samaritans. In reply to this objection, I have to state, that the story on 
which it rests, though so long and so generally received, is proved to be utterly 
unfounded by the coins dug out of the ruins of Jerusalem ; as these clearly show 
that the character in question retained very nearly its ancient shape (little dif- 
ferent from that which is at present to be seen in the Samaritan copies of the 
Pentateuch) for, at any rate, more than 400 years after the period at which it 
is, in the above story, represented to have undergone a sudden and complete 
alteration, namely, till the death of Simon Maccabeus, about 130 years before 
the commencement of the Christian era. The oldest legends, of ascertained 
age, to whose elements the modern Hebrew letters exhibit any affinity of shape, 
are the Syriac inscriptions found in Palmyra, one of which is dated as early as 
the 360th year of the Seleucidx, answering nearly to the forty-ninth of our era.* 
Whether the Hebrew character displayed at so early a date the approach to 
squareness which is observable in the cognate writing of those inscriptions, can 
now no longer be determined ; but, at any rate, it must have done so before the 
Christians returned to the study of Hebrew in the third century, when Origen 
was persuaded by his Jewish instructors that the old letters of the sacred text 
were abandoned, and a new set substituted, during the Babylonian captivity ;— 
a fiction which could not have been thought of, till a striking difference of shape 
had begun to appear between the Hebrew and Samaritan elements, and which, 


* See Philosophical Transactions, vol. Ixviii. Part ii. Article 87. In the first volume of the 
second part of my Work, Plate ii., a fac-simile is given of two of the lines of the above mentioned 


inscriptions, as also a brief analysis of their contents in the same volume, pp. 222-220. 
2P2 


300 Rev. Dr. Watt on the different Kinds of Cuneiform Writing 


most probably, was invented for the purpose of accounting for that very differ- 
ence. The device is just such as might be expected from men regardless of 
truth, who had failed to take into consideration the tendency of all writing, be- 
fore the use of printing commenced, to undergo a gradual change in the form of 
its ingredients, as well as the likelihood that the same writing would, in the 
course of time, change differently in the hands of two nations which had long 
abstained from all intercourse with each other. 

But, with respect to the statement involved in this account of the matter, and 
with which I am here more immediately concerned,—that the Babylonians had 
alphabetic writing as early as the days of Ezra,—Ishall beg to offer some further 
remarks. In the first place, then, I would request attention to the utter impro- 
bability of the Jews having ever designedly forsaken the letters transmitted to 
them from their great lawgiver, and preferred to write their Scriptures with others 
derived from a Pagan source. In the second place, not one of the passages in the 
works of the early Christian fathers, which are appealed to in support of the 
entire story, affords the slightest confirmation of this part of it; but, on the con- 
trary, all of them, when duly considered, will be found to contribute more or less 
to its refutation. The passages referred to are as follows. Origen, on occasion 
of stating that the four-lettered name ('717") was written, in the more accurate 
copies of the Jews, in the ancient Hebrew character, and not in that of his own 
day, subjoins this assertion. “For it is said that Ezra gave them, during the 
captivity, another set of letters in preference to their former ones.”* Eusebius, 
after specifying the number of years that the first Artaxerxes reigned, tells us,— 
in a sentence of which the original Greek is lost, but whose purport is preserved 
in an Armenian version,—that, in the time of that monarch, Ezra was accounted 
a learned scribe of the Hebrew Scriptures ; who is said to have corrected all the 
faults of transcription that had crept into those Scriptures, and to have delivered 
them afresh to the Jews, in letters of a new shape.’ And Hieronymus, upon 
speaking of the Samaritan letters, proceeds thus : ‘ and it is certain that Ezra, a 


* Kai ty Trois axes Berrégoss 0: tay eytiyed ay eBectors yaeuntnecs KEITH TO ovoLeGL [rereceyectpepecroy |, 
2Bgasxols Oi, ov Tois vOv, BAAR Tors apyesroraross. Paci yee Toy Ecdecy éy 7H aly pccracte eregous avTols 
wmeantneas Tote ce ToUs meor:gous ra eededantves._—Origenis Opera, Ed. Benedictina, tom. ii. p- 539. 

} Artaxerxis anni xli. Hujus tempore Esdras, sacrze Scripturee Hebreorum scriba litteratus 


agnoscebatur ; quem aiunt omnes divinas Scripturas recoluisse, Judeisque de integro tradidisse 
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scribe and doctor of the law, after the capture of Jerusalem, and restoration of 
the Temple, under the direction of Zorobabel, invented other letters that we 
now make use of; whereas, up to that time, the shape of the Hebrew and 
Samaritan elements was the same.”* But if the characters in question were 
the gift of Ezra, or were new in his day, or were his invention, they hardly 
could have been previously in use among the Babylonians. The passages, there- 
fore, which are relied on to prove a Pagan origin of the modern Hebrew letters, 
rather, as far as they bear upon the point, conduct to the very opposite conclu- 
sion ; and the first semblance of any warrant for such an origin of those letters 
is presented to us in the Talmuds of Jerusalem and Babylon,—books of tradi- 
tions, with comments thereon, which the Jews did not begin to commit to writing 
till about the middle of the fifth century.+ In both editions of the Mishnah, 
the writing in which the text of the Hebrew Scriptures has been transmitted is 


novis characteribus.— Husebii Chronicon Greco-Armeno-Latinum, Venetiis editum, liber prior, 
p- 190. In the version of Hieronymus the same passage is rendered thus: ‘‘ Anno mundi 4742, 
Artaxerxis anno sexto, Ezra sacerdos apud Hebreos insignis agnoscitur, cujus «tate pontifex 
maximus habitus est Necliasib filius Joachim, filii Jesu, filii Josedech. Fuit autem Ezras erudi- 
tissimus legis divine, et clarus omnium Judaworum magister qui de captivitate regressi fuerunt in 
Judzeam: affirmaturque divinas Scripturas memoriter condidisse et, ut Samaritanis non misce- 
rentur, litteras Judaicas commutasse.”—Eusebii Chronicon quod Hieronymus Latinum facere 
curavit, Henrico Stephano editum, fo. 67. But Hieronymus admits, in his preface to this ver- 
sion, that he made many additions to the original from the works of later authors, in the follow- 
ing terms: ‘“‘A Troja capta usque ad vicesimum Constantini annum, nunc addita, nune mixta 
sunt plurima, que de Tranquillo et ceteris illustribus historicis curiosissime excerpsimus.’’ The 
Armenian version, therefore, is more to be depended on, than that of Hieronymus, for the exact 
sense of the lost passage of Eusebius. 

* Samaritani etiam Pentateuchum Mosis totidem litteris [scilicet 22] scriptitant, figuris tantum 
et apicibus discrepantes: certumque est Esdram scribam, legisque doctorem, post captam Ieroso- 
lymam, et instaurationem Templi sub Zorobabel, alias litteras reperisse quibus nunc utimur; 
quum ad illud usque tempus iidem Samaritanorum et Hebreeorum characteres fuerint.—Hiero- 
nymi Opera, Ed. Benedictina, tom. i. p. 318. 

+ The Jewish traditions composing the Wishnah, or secondary law (called in Greek Deuterosis), 
were not committed to writing till after the death of Augustine, Bishop of Hippo, in the year of 
our era 430, as appears from the following passage in his works: ‘‘ Nescit autem [adversarius | 
habere preter Scripturas legitimas et propheticas Judeos quasdam traditiones suas, quas non 
scriptas habent, sed memoriter tenent, et alter in alterum loquendo transfundit, quas Deuterosin 
yocant."—Augustinus contra Adversarium Legis et Proph., lib. ii. cap. 1. 


302 Rev. Dr. Watt on the different Kinds of Cuneiform Writing 


repeatedly called MW, ‘ Assyriac,’ and is stated to have been such ever since 
the days of Ezra.* But in the Gemara, or commentary of each, contradictory 
explanations are offered of this epithet ; some of the Talmudic Rabbins assigning 
its proper meaning to it, and affirming that the writing in question was so de- 
nominated on account of its having been brought from Assyria; while others of 
them would have us believe the word here to signify ‘happy,’ as if it were 
written MW IND, < beatified.+ MAW, however, is no where else to be met 
with, used in the latter acceptation, and even if it were, this meaning of it, in the 
passage referred to, is excluded by the context, as it would be absurd to attribute 
happiness to the elements of any sort of writing. But whether the bearing of 
those passages was thus perverted to make them accord with the national preju- 
dices of the Jews, or because it was perceived that the tradition conveyed in 
them, when taken in their natural sense, would not stand the test of examination, 
that tradition must, at any rate, be rejected, as it is inconsistent with all that is 
known of this people, to suppose that they would ever have wittingly allowed 
their sacred text to be written with letters of profane origin. Neither would 
Christian divines, after the revival of learning in Europe, have endeavoured to 
strain the passages I have quoted of the early fathers to a sense in conformity 
with the tradition here adverted to, had they not at first estimated too highly 
the veracity of the Talmudic writers, and attached a weight to their evidence far 
above that to which it has been since found to be entitled. In the third place, the 
principal schools of the Jews, after the destruction of Jerusalem, were held in 
Babylonia, where they lasted till the persecution of the Arabians put an end to 
them, early in the eleventh century ; and it was in those schools, most probably, that 
the Hebrew character was improved and brought near to its present state. From 


* PSTWN BDA NY sHy2 OT TIN, Et data fuit ipsis [scil. Lex Mosis] diebus Esre in 
Scriptura Assyriaca.— Talmud Babylonicus, Tractatus Sanhedrim, sect. 2. 

Sow 32ND N77 AAAWAWS 3D, Scriptura Assyriaca est ea, quam nos hodie habemus [scil. in 
textu Biblico].— Talmud Hierosol., Gemara Tractatus Megilla, sect. 1. 

+ In the Rabbinical annotations on both the treatises referred to in the preceding note may be 
found the following and other equivalent passages : 

3awWND OMY byw ATAwWs Mow Napa md, Quare vocatur ejus nomen [Scriptura] 
Assyriaca? quia ascendit cum lis ex Assyria. 

n> Aw NAW AWS ANP. m5, Quare vocatur Assyriaca? quia est beatificata 
Scriptura. 
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this source the character in question may be easily conceived to have acquired 
its denomination of ‘ Chaldean,’ though not from the earlier one put forward 
through the ignorance and vanity of the Talmudie Rabbins; nor is there 
ground entitled to the slightest credit for ascribing to the Babylonians of ancient 
times any knowledge whatever of the use of letters. The faint resemblances of 
Shemitic characters met with, in a few instances, upon bricks in the ruins of the 
city formerly occupied by them, have the appearance of irregular lines accidentally 
worn in those bricks during the course of a long series of ages, rather than de- 
signedly excavated in them by human agency ; and are, at any rate, too thinly 
scattered through the place to be looked upon as elements of any species of 
national writing; so that, even supposing them to be letters, they can be ascribed 
only to foreigners who are known to have made use of such characters, as, for 
instance, to Phoenicians who may have resorted to Babylon for the purposes of 
trade, or to the Jews who were detained there as captives and slaves for seventy 
years. 

17. The ideagraphic nature of the cuneiform writing of the Babylonians is 
illustrated, in a very striking manner, by the copy of a large, though not entire 
specimen of it, marked g, in Plate Ixxvii. of Sir Robert Ker Porter’s Travels. 
This copy presents to view, amidst cuneatic ingredients, thirteen ovals, which 
the author has, indeed, left blank on account of the faintness of the figures inside 
their originals ; but he informs us of those figures being pictorial, and similar to 
others upon seals, likewise found in the ruins of Babylon, of which he gives 
delineations in Plate Ixxx. Now, those ovals are not at all, like modern seals, 
detached from the body of the text; and, although they are not as completely 
dispersed through that text as the Egyptian cartouches are through hieroglyphic 
inscriptions, yet, in the different parts of the document in which they occur, they 
are mingled with surrounding cuneiform characters, just as the cartouches alluded 
to are with hieroglyphs. ‘They have, therefore, a much closer correspondence 
with those cartouches than with seals, or any subsidiary additions to signatures, 
and must be looked upon as primary denominations of the parties to whom this 
document referred. How a symbolic representation of some quality attributed 
to an individual, or of some remarkable event in his life, might recal a character- 
istic appellation of him, grounded on that quality or event, to the memory of a 
reader acquainted with his history, and familiar with the language of the msculp- 
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tor, has been elsewhere explained by me ; and the ovals under discussion serve 
to throw strong light on this theory, as their contents—generally a single figure 
in each—cannot, for a moment, be confounded with phonetic signs ; we might 
just as well imagine a crest, or coat of arms, or a human head, upon a modern 
seal, to be thereon phonetically employed. But my principal reason for directing 
attention to this curious specimen is on account of its bearing on the nature of 
the national writing of the Babylonians ; for, if any ingredients of a legend were 
phonetic, the designations of proper names would be of this description ; but in 
the one under consideration those designations are evidently ideagraphic, and, 
therefore, a fortiori, so must be all the remaining portions of its text. When the 
true use of the ovals in question was wholly forgotten, they came to be looked 
upon, by the ignorant inhabitants of the surrounding country, just in the light 
in which the cartouches belonging to hieroglyphic legends were long viewed in 
Egypt, namely, as repositories of magic characters suited to the purposes of 
incantation. From Sir Robert’s account of the matter, it would appear that he 
had met with several specimens of cuneiform writing which contained some of 
those ovals, although he has given a copy of only one such specimen. The fol- 
Jowing are brief notices of his upon this subject. “The specimen (g) is singu- 
larly curious and valuable, having the impressions of many seals upon it ;* they 
are now very faint, but enough remains to show the forms of animals and talis- 
manic symbols. It is on baked clay, and was found at Babylon.” ‘The im- 
pression of the seal contains the figure of a man grasping a bird of a goose-shape 
by the neck. Many similar seals are dug up amongst the ruins. I have another, 
in agate, of a man, and some symbolical forms. The specimens of baked clay, 
already described as having been stamped with numerous seals, are sufficient 
evidence how common was their use ; their import can only be guessed, but it is 
likely all were connected with mystic incantation.” 

18. Although an argument against a theory, from its consequences, can be 
pressed only on those who maintain them to be thence fairly inferred, yet, when 


* The whole of the Babylonian writing in each specimen appears to have been impressed upon 
clay, while yet in a soft state, by means of a framed stamp containing the legend reversed, and 
so far to have resembled modern printing. There are, however, instances in which this writing 
has been found insculped upon stone. 

+ Travels, &c., vol. ii. p. 420. } Ibidem, p. 425. 
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one, manifestly erroneous, is drawn by a man of ability, it certainly tends to ren- 
der suspicious the assumption on which it is made to rest. Considered in this 
light, the following extract from Major Rawlinson’s Memoir is not to be over- 
looked in the present discussion. “The Babylonian is, unquestionably, the most 
ancient of the three great classes of cuneiform writing. It is well known that 
legends in this character are stamped upon the bricks which are excavated from 
the foundations of all the buildings in Mesopotamia, Babylonia, and Chaldea, that 
possess the highest and most authentic claims to antiquity; and it is hardly extra- 
vagant, therefore, to assign its invention to the primitive race which settled in the 
plains of Shinar. It embraces, however, so many varieties, and it is spread over 
such a vast extent of country, that Orientalists have been long divided in opinion, 
as to whether its multitudinous branches can be considered as belonging to one 
type of alphabet and language. Those who have studied the subject with most 
care (and I would particularly instance M. Botta, the discoverer of the Nineveh 
marbles) have arrived at the conviction that all the inscriptions in the compli- 
cated cuneiform character, which are severally found upon rocks, upon bricks, 
upon slabs, and upon cylinders, from the Persian mountains to the shores of the 
Mediterranean, do in reality belong to one single alphabetical system ; and they 
further believe the variations, which are perceptible in the different modes of 
writing, to be analogous in a general measure to the varieties of hand and text 
which characterize the graphic and glyphic arts of the present day. I hesitate, 
certainly, with the superficial acquaintance which I possess at present with the 
subject, to place my opinion in opposition to theirs; and yet I can hardly sub- 
scribe in all its amplitude to this general and complete amalgamation. I perceive, 
in fact, as I think, modifications of a constant and peculiar character, which, per- 
haps, are hardly sufficient to establish a distinction of phonetic organization be- 
tween the Babylonian and Assyrian writing, but which may be held, nevertheless, 
to constitute varieties of alphabetical formation; and the inscriptions of Elymais, 
also, from their manifest dissimilarity to either one system or the other, are enti- 
tled, I consider, to an independent rank. I proceed, therefore, with some diffi- 
dence, to exhibit a classification of the complicated cuneiform writing according 
to the opinions which I have formed from a tolerably extensive examination of 
the inscriptions, premising, at the same time, that I see no sufficient grounds at 
present to prevent us from attaching all the languages which the various alpha- 
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bets are employed to represent, to that one great family which it is the custom 
(improperly enough) to designate as the Semitic; and that I leave untouched 
the great and essential question, whether the difference of character mdicate a 
difference of orthographical structure, or whether the varieties of formation are 
merely analogous to the diversity which exists between the Estranghelo and the Nes- 
torian alphabet, the printed and the cursive Hebrew, or the Cufic and the modern 
Arabic. The complicated cuneiform character, then, may, I think, be divided into 
three distinct groups,—Babylonian, Assyrian, and Elymean ; and the two former of 
these groups will again admit of subdivision into minor branches. Of the 
Babylonian there are only two marked varieties: the character of the cylinders 
[and bricks] may be considered as the type of the one; that of the third column 
of the trilingual inscriptions of Persia, of the other. The former is probably the 
primitive cuneiform alphabet. It is also of extensive application. It is found 
upon the bricks which compose the foundations of the primeval cities of Shinar, 
at Babylon, at Erech, at Accad, and at Calneh ; and, if the Birs-i-Nimrid be ad- 
mitted to represent the tower of Babel,—an identification which is supported, not 
merely by the character of the monument, but also by the universal belief of the 
early Talmudists,—it must, in the substructure of that edifice, embody the ver- 
nacular dialect of Shinar, at the period when ‘the whole earth was of one 
language and of one speech (Gen. xi. 1).’”’* 

Throughout this extract it is assumed, as a point too obvious to require any 
proof, that the several kinds of cuneatie writing,—no matter how much they may 
differ from each other in the number and complexity of the combinations of 
wedges constituting their respective elements,—are all of them alphabetic; and, in 
more than one part of it, this assumption conducts to the inference that writing of 
this description was known to mankind before the tower of Babel was erected, or 
the confusion of tongues took place in the plains of Shinar! It is unnecessary to 
urge against this extravagant conclusion the proofs I have elsewhere adduced of 
the fact, that Moses was the first man who made use of alphabetic writing ; as its 
fallacy can be exposed quite independently of the consideration of that fact. 
Had the sons of Noah possessed an alphabet, no people descended from them, 
that is, not one of the nations on the surface of the earth, could have since been 


* Journal of the Royal Asiatic Society, vol. x. part i. pp. 20-2. 
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found destitute of the benefit of this invaluable instrument of human learning. 
A people, indeed, who had long been accustomed to the employment of idea- 
grams, might from prejudice refuse admittance to an alphabetic method of de- 
signation, or, after its introduction, so, from ideagraphic habits, deteriorate and 
corrupt its nature, as gradually to render it useless, and finally abandon it. But 
none who had begun with this species of writing would ever have given it up 
for any other kind. 

19. The last topic to which I shall here advert is the extremely vague, inde- 
finite, and, consequently, useless nature assigned to the Babylonian, and third 
Persian kind of cuneiform writing, by such persons as assume the meaning of 
legends in which the characters belonging to those kinds are respectively em- 
ployed, to be phonetically conveyed. M. Salvolini’s attempt to decipher and 
interpret three of the shortest lines of the Rosetta inscription, on a similar sup- 
position with respect to the mode of their ingredients being significant, bears 
just im like manner against the application of the phonetic theory to the hiero- 
glyphic system of the Egyptians; as has been, | will venture to say, fully shown 
in the first chapter of the second part of my Work. But the argument tells with 
much greater force in the present instance ; as the authors who have endeavoured 
to resolve specimens of the two cognate kinds of writing, now under considera- 
tion, into letters, have displayed far superior talents for such an undertaking ; and 
the circumstance of their resorting to plans of operation that have the effect of 
representing the writing of each kind as totally unsuited for use, is not to be 
attributed to any deficiency of acuteness or skill on their part, but solely to the 
absolute impossibility of making it out legible, consistently with the assumption 
of its being phonetic. 

Respecting the powers of the cuneiform letters of the Babylonians, Doctor 
Hincks gives us the following information, in a paper of his which was read at 
the last meeting of the Academy in 1846. ‘A character which represents a 
consonant followed by a, generally loses its vowel, if it precedes a character in 
the same word which represents any syllable beginning with the same consonant ; 
and a character which represents a consonant followed by wu, generally loses its 
vowel, if it precedes a character of the same value [that is, in such instances, the 
character referred to is, at the beginning of a group, stripped of all power, and, 
in other positions, is reduced from a syllabic sign to a consonant]. In these 
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_ cases I substitute an apostrophe for the vowel that is to be suppressed........ 
The vowels 7 and w are scarcely distinguished ; and, in the application of the 
preceding rule, syllables commencing with the same consonant, and terminating 
with ¢ and w, are regarded as equivalent. I have, therefore, classed them toge- 
ther, placing, however, those characters first which appear most decidedly to have 
contained 2, and those last which always expressed vu. ....... The consonants 
r and / are not distinguished ; nor are b, p, w, and m; nor k, g, and kh; nor s 
and the other sibilants, except in one instance.—See note on 65. Ch appears 
to have been expressed by s, andj by /; but, perhaps, not in every mstance.’’— 
On the three Kinds of Persepolitan Writing, &c., p. 16.* 

In a subsequent part of the same Essay, which was read to a meeting of the 
Academy in the first month of the present year, Dr. Hincks makes, from causes 
which it is here unnecessary to consider, some rectifications of the vocalic struc- 
ture of the system, which he describes in the following manner: ‘‘ — observing 
the greatly increased resemblance to the Semitic dialects which the language 
assumed in consequence of these changes, I thought it best to alter the vowel 
notation, substituting e, equivalent to the Hebrew Sheva, for the w of my former 
alphabet. The simple characters, then, consist of consonants followed by these 
two vowels, a(-) and e(.). The other vowels are represented by combinations 
of these with each other, with or without the intervention of certain semivocal 
labials and gutturals, distinguished in the alphabet by having a { prefixed to 
them. Thus, a. be is au, or d(,); a. ge,é(.); e.be ore.ba, wor 6; and 
e.ge or e.ga, 7; while the short vowels proceed from the concurrence of two 
e’s, the latter of which becomes mute, while the former is generally to be sounded 
as 7, but occasionally as other short vowels. Further researches may, perhaps, 
supply more accurate rules; but I feel confident that, by following these, the 
pronunciation will be attained in a very approximate manner. ‘The concurrence 
of two equivalent syllables will be readily seen to be analogous to the Hebrew 
dagesh. It is found, however, in cases where dagesh could not occur in Hebrew, 
as in ne.ne, when initial. Here, I have little doubt, the duplication has the 
effect of lengthening the vowel, or detaching it from any syllable containing e 


* I am obliged to quote the page of the above passage from the Author’s Essay, printed in a 
separate form, which he was so kind as to send me; as the volume of the Transactions of the 
Academy in which it is to appear has not yet been published. 
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that might follow. I read the above n’ni, or n’né; ne.ne.be must be read 
nné. be, not n’neb.”—On the three Kinds of Persepolitan Writing, &c., p. 21. 

In our author’s practice, however, he does not adhere strictly to the rules here 
laid down ; as, for instance, he deprives syllabic signs of the vocal part of their 
power, in other cases besides those in which they are followed by characters of, 
respectively, the same values in their consonantal part ; and, after substituting a 
short e for wv, as one of his two primary vowels, he still retains the ~ in its former 
capacity, in addition to the secondary one which he arrived at by means of com- 
binations specified in the latter of the above extracts. But a clearer conception 
of his theory with regard to this subject will be got from the following example : 


The eight characters here presented for inspection are copies of those con- 
stituting the first line of the great Babylonian inscription, in the Museum of the 
Honorable the East India Company. ‘They certainly have very little the appear- 
ance of letters, and look far more like symbols, significant, independently of all com- 
binations, each of them by itself. Dr. Hincks, however, assumes them to convey 
a phonetic expression of the name Nebuchadnezzar, exclusively of several other 
groups of characters of the like nature, unnecessary to be here considered, and 
to which he attributes the phonetic representations of the very same name. The 
series of characters now before us, he, after rejecting a deciphering of them 
previously adopted, reads, in the final part of his Essay, in the three following 
ways : 
Nabu .k? . ku .ba.ru.tba.sa . ra, in page 21. 
Nnebe. g’ .ge.w'.re .w'.cha.r, in page 26. 
Nebe k u 1 uw cha wr, in page 26. 


To the last of these readings he gives the preference at the close of his 
Memoir, in the following terms: “ The correct pronunciation of the name ap- 
pears to be Nebekilichar :” and yet this word corresponds with the sound of 
the name in question solely in its first two syllables, where, it may also be ob- 
served, the resemblance is effected only by taking the extraordinary liberty of 
attaching to the initial character a phonetic value of double the legitimate length; 
and to which character the author, in another assumed phonetic representation of 
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this name in the same page, assigns simply the power of XN’. Upon this, how- 
ever, and some other objections, which must naturally occur to the mind, I shall 
not dwell; as he might possibly have lessened or removed the grounds for them, 
if he had taken more time to digest and mature his plan. But there is one evil 
essentially connected with the supposition of the above series of characters con- 
stituting an alphabetic designation of a word, which is fatal to this hypothesis, 
and to which I now request attention. In order to ascertain in how many ways 
this series can be read, the numbers are to be multiplied together which express 
the several amounts of the different phonetic values of its ingredients considered 
each of them separately. These numbers might, perhaps, by the introduction of 
some checks, be reduced ; but not one element of the series could, I will venture 
to say, be limited, even through the most guarded modification of the system, to a 
single value, without running into gross inconsistencies in the application of this 
value to it in other situations. Here, however, I have to confine myself to the 
particular form of the phonetic theory adopted by our author. According to 
this theory, then, as determined by his exposition of it combined with his prac- 
tice, the initial character of the series admits of three values, viz.: Nabu, N’nebe, 
N’; the second, of four values, viz.: k’, kh’, g’, 7’; the third, of eight values, 
viz.: ku, khu, gu, ju, ke, khe, ge, je; the fourth, of eight values, viz.: ba, pa, 
wa, ma, b’, p’, w’, m’; the fifth, of four values, viz.: ru, lu, re, le; the sixth, of 
eight values, viz.: ba, pa, wa, ma, b, p’, w’, m’; the seventh, of fowr values, 
viz.: sa, sha, za, cha; and the eighth, of four values, viz.: ra, la,r’,?. In 
this enumeration of the different values of each element of the series, I have 
restricted myself to the primary vocalization employed by Dr. Hincks in his first 
two readings, by which several of the numbers are considerably lessened (as, for 
instance, without this restriction, the different phonetic values of the third cha- 
racter would be, in addition to the eight already given, eight more, viz. : ka, kha, 
ga, ja, k’, kh’, g’, 7’); neither have I availed myself of the further variations 
afforded by the instances of secondary vocalization which occur in his third read- 
ing: but, with all these limitations, the number of modes in which the series in 
question may be read, according to his system, amounts to 393,216. Now, admit- 
ting for a moment some one of these to be the correct reading of the series, how 
is a decipherer to find out which of them is that one? Surely, writing of which 
each sentence, and even every word of any considerable length in each sentence, 
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admitted of being read in such an endless variety of ways, would, for all practical 
purposes, be just as nugatory as if it were utterly unmeaning and illegible. 

On the other hand, Major Rawlinson has directed his attention more imme- 
diately to the third kind of cuneiform writing of the Persians, which he does not, 
as fully as Dr. Hincks, identify with the Babylonian kind, though still consider- 
ing it as having a close affinity thereto; and he enumerates in his Memoir 
(page 29) a list of twenty-seven names, which, he imagines, he has succeeded in 
deciphering in this character. He does not, indeed, give any example by which 
we might test the soundness of his method of analyzing this writing: but by 
conferring on it the distinctive title of the ‘ Achemenian Babylonian,’ he makes 
it a species of the Babylonian class; and by describing an imperfection of the latter 
writing in a general way, and, consequently, in a manner that shows it to belong 
equally to the former, he thus’enables us to arrive at some idea of his mode of deal- 
ing with the subordinate branch. The imperfection pointed out by him is in effect 
of the same nature, though he has not accounted for it in the same way, as the 
one which I have, in the foregoing observations, brought home to the system of 
Dr. Hincks, and which, in truth, appears to be essentially connected with every 
application of the phonetic theory to this, or the Babylonian kind of cuneiform 
writing. Major Rawlinson, however, does not seem to have been aware of its 
extent or its consequences; as may be inferred from his words upon the subject, 
which are as follows. “I attribute the great diversity which is observable in 
the internal orthography of names and words to one or all of the four followmg 
causes. Firstly, each consonant possessed two forms representing it as a mute 
and as a sonant, so that in expressing a dissyllable, in which such a consonant 
was medial, it was optional to employ either the one or the other, or both of these 
forms together. Secondly, the vowel sounds were inherent in the sonant conso- 
nants (and, perhaps, also at the commencement of the mutes), yet, for greater 
perspicuity, it was allowable to represent the vowels at will by definite signs. 
Thirdly, redundant consonants were frequently introduced, for no other purpose, 
as I conjecture, but that of euphony. Fourthly, the phonetic organization was so 
minute and elaborate that, although each form was designed to represent a dis- 
tinct and specific sound, yet, in the orthography of names (and particularly of 
foreign names), the artist was perpetually liable to confound the characters.”* 


* Journal of the Royal Asiatic Society, vol. x. part 1. p. 30. 
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As far as I can understand this passage, if the four assumptions contained in 
it with regard to the practice of the ancient insculptor were conceded, a modern 
decipherer could, by the aid of rules directly thence deduced, make out any pro- 
posed name whatever from any assigned group of sufficient length, belonging to 
the more general kind of writing referred to, or its subordinate species. He 
could, for instance, through the first article, get rid of the opposition of any of 
the medial characters whose powers, determined by other names, would not 
answer in this one, by stripping them here of those powers and degrading them 
for this occasion to the rank of mutes;* or he could, through the third, evade 
the disturbing effects of any initial or final elements that were, in like manner, 
unsuited to his purpose, by reducing them to euphonic redundants, unconnected 
with the essential parts of the name to be expressed. Moreover, if he should, 
besides removing the obstruction of refractory powers, want to get others in their 
place, he could, with the help of the parenthetical part of the second article, 
virtually convert them into any vowel-letters he chose; or, by means of the 
fourth, transform them into other consonants of the requisite powers. I do not 
suppose that our author has, in his own practice, pushed those rules to the full 
extent to which they might be carried; but still, I must observe, it is by the 
application of a theory to extreme cases that its validity is to be tested. I may, 
perhaps, have mistaken the meaning of part of the above passage ; and, therefore, 
would not press too closely the consequences drawn from that part; but, at all 
events, the rest of it, which is clearly intelligible, yields quite too great a latitude 
of choice to a decipherer to admit of his analysis of any specimen of writing sub- 
jected to such treatment being of the slightest value. 


* T understand the terms ‘ mute’ and ‘ sonant’ consonants, in the first article of the statement 
above referred to, in their ordinary acceptation of consonants that are passed over in silence, or 
are uttered in the pronunciation of the words in which they occur. The technical distinction, 
somewhat similarly expressed in Sanscrit Grammar, of letters into ‘surd’ and ‘sonant,’ appears to 
be inapplicable ; as the classification arising from the former distinction is, in the specified 
article, expressly limited to consonants, while that depending on the latter one includes vowels 
(see Wilkins’s Sanscrit Grammar, p. 16); and, indeed, in the sense in which the Hindu distinction 
is made,—namely, of letters that can or cannot be audibly uttered without the aid of others joined 
to them,—there are in reality no sonants but the vowels, and all the consonants are surds. In 
the case, however, of a sentence, of which the purport is not precisely fixed by means of an 
example, it is very possible that I may have misconceived the author’s meaning. 
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I have but one further remark to make on this subject. Major Rawlinson 
has, in his analysis of the Behistun record, frequently declared that he was 
enabled to restore mutilated parts of the tablets in the first kind of cuneatic writ- 
ing by the aid of those in the second or third kind; from which it would seem, 
at first blush, to follow that he had succeeded in deciphering the latter two kinds 
of writing. Now, while I deny this conclusion, I feel myself bound, in justice 
to our author, to add, that I have a perfect reliance on his veracity. A brief 
example will suffice to remove the apparent inconsistency between these two 
statements. The name of the royal son of Hystaspes, I have already observed, 
was characteristic, and denoted ‘a coercer,’ through a close affinity to some term 
of that signification in the Persian language of his day, the root of which most 
probably was,—as that of an equivalent term is known to a certainty to be in 
both Sanscrit and Zend,—dri. A Persian, therefore, of former times, about the 
period when the legends were insculped, would have read any group of symbols 
representing ‘a coercer,’ by some modification of either dri, or, at all events, a 
root cognate thereto; the similarity of which derivative to the word Darius 
would serve to remind him of that name, provided he was previously familiar 
with its sound, and aware of the personal character of the sovereign to whom 
it was applied. Let us, then, suppose the Major to have noticed a certain group 
occurring in the Behistun tablets of the second or third kind, in several places 
corresponding to others in the tablets of the first kind, in which the name 
DARIWUSh is inserted. He might thence clearly infer that this group was 
intended to denote the sovereign so named, and could by its aid, if it occurred 
in a part of either of the former kinds of legends corresponding to a mutilated 
place in one of the latter kind, restore the alphabetic name in that place. By 
such a mode of investigation, I have not the slightest doubt but that he has, in 
accordance with his assertion, identified the groups in the third kind of cuneiform 
character, which served to designate, in some way or other, the persons and places 
distinguished by the spoken names he has specified ; and it was quite natural for 
him, as habituated solely to alphabetic modes of writing, to assume, in the first 
instance, that those designations were phonetic, and, consequently, that he could, 
by resolving them into their separate ingredients, arrive at the elements of an 
alphabet. But the gross absurdities in which, as I have shown more particularly 
under the last head, the views of very able and ingenious investigators are in- 


VOL. XXI. QR 


314 Rev. Dr. Watt on the different Kinds of Cuneiform Writing, Sc. 


volved through this assumption, contribute powerfully to establish its unsoundness, 
independently of the many proofs bearing the same way, which have been sub- 
mitted for consideration in preceding parts of this Essay. No alternative, there- 
fore, seems left to us, but to conclude that the groups im question denoted names 
only in the imperfect manner above described, and that it is a mere waste of time 
and labour to attempt to analyze them by methods in accordance with the notions 
hitherto in vogue upon the subject. 

The foregoing observations are, many of them, under the disadvantage of 
having to struggle against the present current of popular opinion ; yet I do not 
despair of their eventually gaining a favourable reception, when the test of expe- 
rience shall have come more fully to their aid. In the mean time, I trust that 
they will give no offence to the authors whose views I have had occasion to 
canvass, and that they will be taken by those gentlemen, as they are meant, in 
good part. 
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Art. ].—Remarks on some Fragments of an ancient waxed Table-book, found 
ina Bog at Maghera, County of Derry, and presented to the Royal Irish 
Academy by the Rev. J. Spencer Knox, A.M. By James Hentuorn 
Topp, D.D., M. R.1. A., Fellow of Trinity College, Dublin. 


Read 26th May, 1845. 


ON a former occasion I had the honour of presenting to the Academy, in the 
name of my friend, the Rev. J. Spencer Knox, some fragments of a very curious 
ancient waxed tablet, or table-book, which was found in a bog near Maghera, 
in the county of Derry, and as circumstances then prevented me from making 
any remarks on them, I hope I may now be permitted to supply the defect. 

Mr. Knox, in reply to my inquiries, has given me the following account of 
the place where they were found: “I can furnish no other memorial concerning 
them than that they were discovered two years since by some turf-diggers, at 
four feet beneath the surface, in a bog about two miles distant from hence [i. e. 
from Maghera]. The bog itself is about four miles in length, and varying from 
one to three miles in breadth: the river Moyola traverses its centre from end to 
end. I possess many objects discovered from time to time within its limits, as 
celts, grinding querns, coins (Edwards and Elizabeths), with elf-stones, brass 
vessels, swords, &c., and a large and once beautiful canoe. Black oak and 
fir abound in it; and I have also got large bundles of stakes, popularly called 
deer toils. The soil beneath the turf is for the most part gravel, or gravelly 
sand.” 

As this is all that can now be known of the history of these tablets, I shall 
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proceed to describe them, and to make some remarks on their contents and pro- 
bable age. The leaves are of thin wood, apparently of deal or pine ; they are two 
inches and a half broad by four and a half long, and the writing is along the 
length of the page. A margin a quarter of an inch broad is left round the edge 
of each page, the space within having been filled with wax, which is now of a 
deep brown colour. The letters are traced on the wax with a sharp point, and 
are still, in some places, very legible: the character is Irish, although the lan- 
guage is Latin. The following is all that I have been able to decipher; and I 
give them here, line for line, as they stand in the original; but the engravings 
which accompany this paper, from drawings by Mr. Du Noyer, will give the reader 
a much better idea of these tablets than any description. 

The first leaf contains these words (Plate I. fig. 1) : 


ego probo quod tu non es tu proba 
tu non es ego nec ego sum tu 

sic non sumus ego ergo tu no 

es tuego pr... . .sunt vi coetall 
ni quavis non . . . . sunt coequales 
vellut extellasio continnuans 

gute flualis desuper stellant 
duris‘mum cog°ua lapidem sic 
CXOLSI een eae magistra 

lis discipline ingenium obtusi 
tenebris inogoransie obtusu. . . 

. . . lustrum redit. 


It is difficult to make any sense of this; and some of the words are evidently 
so corrupt, that they appear to have been little better than mere scribbling. The 
next page of this leaf (fig. 2.) contains the following words : 


tres partes oui albumen 

tessta uitellus nu. . . nglit 
nausi rasemus tassta puta 
n... . tessta nusis nuolium 
servat gustabile dirum serua 
t vas uinum dominis potabile 
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dinum linius est lectus nula 
tam arbore sectus quisquis 
soluat eum soluat ut quis essit 
hectolia: thers 3 Sic. 


This is evidently intended for Latin, and perhaps for rhyme, but is so igno- 
rantly written as to be unintelligible, except in a few words. It seems to say that 
there are three parts in an egg, the white, the shell, and the yolk. The last two 
lines contain only some random scratches, or unconnected letters, partially rub- 
bed out, as if writing had been previously inscribed, and the wax not completely 
smoothed in erasing it. 

The first page of the next leaf (Plate I. fig. 3) is somewhat more legible, 
and contains the following words : 


absum asum insum itersum 
obsum desum presum prosum 
possum A. B. C. D. E. G. persum 
lilix que sunt afero aufer.... . 
efero infero ofero confero de 

fero difero prefero perfero 
profero refero sufero tranfero 
premo premis dmdium... . . 
lasatus h brunis uirid hoc 

hec brunusin melios brun. . . . - 
tres partes oui album tessta 
vitellus matrimonium 


It is difficult to imagine what this jargon can have been intended for. The 
last line but one speaks again of three parts of an egg, the white, the shell, and 
the yolk; but the first seven or eight lines appear to be an extract from some 
of the rules of Latin Grammar. Something very similar to it will be found 
in the “ Parvulorum Institutio ex Stanbrigiana Collectione,”’ printed by Wynkyn 
de Worde, s.a. 1n treating of the compounds of the verb swm, there is the 
following rule given in this rare book : 


cory 
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“This uerbe sum hathe xiiij compoundes. 
At subter potis ab sum in inter de 
Super ob pre 
Pro simul adiungas ex et per teste perotto.”’* 
Then each compound is separately explained, viz., adsum, subtersum, possum, 
absum, insum, intersum, desum, supersum, presum, exsum ; after which the fol- 
lowing rule is given for fero: 
‘* Quot significationes habet fero ? 
Dico gero potior cupio fero significabit. 
Quot composita habet fero ? 
His componas ad ab ante cui ex quoque circu 
De dis in op pro pre post trans iungito sub re.” 
And then, as before, these compounds, affero, aufero, prafero, antefero, confero, 
effero, circumfero, defero, differo, infero, offero, profero, suffero, transfero, refero, 
are separately treated of, and each has a mnemonical verse to explain its use and 
signification. The verse on Deswm may be quoted as a specimen : 
“ Desum deficio signat simul et nocet obsum 


Deficiens terno vult poni resq3 negata 
5 Apte vult rectum solum ternum regit obsum.” 


That on Supersum is as follows : 


‘* Pro restat superest ternum dato sepeq3 nullum 
Hunce etiam prebet cum significabit abundo.” 
We may, therefore, infer, that the owner of the tablets had been writing some 
similar rules of grammar, but in a manner so unconnected that one can hardly 
help imagining that the imperfect traces of two or three different entries are 
mingled together in the words, or fragments of words, now visible. 
The next page of the second leaf (fig. 4) contains the following words: 


uer gerit at mirum caput omni 
mane canenum silua gerit fruc 

tum depellit frigus vesstum 

de quo vel de qua causa datur linga 


* Alluding to the ‘‘ Cornucopia sive Commentarii Linguz Latina” of Nicolaus Perottus. 
There is a fine copy of this work in the Library of Trinity College, printed at Venice, * Per Magis- 
trum Paganinum de paganinis brixiensem,” in the year 1489, folio. 
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scolari adnararet quid quid siret ad inter 
garet quid nesiret vt inteligeret bona 
vt proberet mala hoe gier tacra vicer 
vescors fancriac boc 
vecors fancriac gier tacra 
minac fatigatus at iric significat mo 
tum ure significat quietem 
quod sibi deterius patris at filius 
eius papina leacoc rubina 


This also appears to have been some grammatical exercise. The words 
at mirum” and “canenum” in the first and second lines, if they have been 
rightly deciphered, are not very intelligible: the next words are evidently 
intended for “silva gerit fructum ; depellit frigus vestimentum.”” Then a ques- 
tion is asked, “De quo, vel de qua causa, datur lingua scholari ?”—to which the 
answer is “ad [for wf] narraret quicquid sciret, ad [again for wf] interrogaret 
quid nesciret, ut intelligeret bona, ut probaret mala.” The words which follow 
are not now intelligible. All we can gather from this part of the document 
is, that it seems to tell us that the word tric signified motus, and that wre sig- 
nified quies. 

The first page of the third leaf is much injured: the wax in many places has 
fallen off, and displays the wood beneath (see Plate I. fig. 1); but the following 
words are still visible : 


ut serues uisum fiat sibi tra 
nsuina cruoris 


alliquis nequis. .. . Nun... . 

siquis Quilibet. . . . rivis undam 

.. inque quis . . qui que @iUS ool We 

quis p. . am quispidas quis quis que 
..u.c... da breuis male seloc 

sect ha aceon linga leuis 

p Sivas hated (efnle: ils) sik a ote can Ta 
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ira) lenis nie. was a eee Aes ee 
viignistarista’ ov. fevivad tuna. c03eR. 


This seems also to have been some grammatical exercise ; although it begins 
apparently with a receipt for the preservation of the sight. 
The reverse of the same leaf (fig. 2), contains the following words: 


mile sibi. . ..e posito. per.. ..ecto 
digito ....uenat... . brutina 
mari frigidi s . . . scinio semper 

sol gel... . ute sin.... firmamenti 
GINGUEOT "<r «ween ee ee SULILO 

Tan shh rtehe ne eens 0 

GuidWestaame sais ;-« . CONGEST - 


interrogare dintegata 
concgrua responde que 
unde. . . . ir hoc frunium 
frunio frumisi fatigatus 


Apetorn al) scl 


The fourth leaf (fig. 3), very much warped and injured (the wax now remain- 
ing on one side only), is almost wholly illegible. The following words are all 
that I can make any attempt to decipher : 


pro derelicto habit. . . . upant 
conseditur nix profunda gelid. . . 
octauas natalis fluuia continua stet 
finis uernalis e conuerso ardeat . . meta 
estiualis cum fluctus scumas um 
uersu malis omnibus arborum....de.. 
OVC Opis aan Ma Bos so : 


The remainder of this leaf contains some traces of letters which are now irre- 
coverable. 
A fifth leaf wants the wax on both sides, and, of course, contains no remains of 
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writing ; it is much warped, but the margin left by the wax on one side is still 
distinctly visible. 

Another leaf (Plate ITT. fig. 1) exhibits on one side similar traces of having 
once been waxed; and on the other side (fig. 2.) there are deeply raised ridges 
of the wood, leaving sunken spaces, which, perhaps, were originally filled with 
wax, and used as reservoirs from which wax might be obtained to renew the 
‘tablets; this side of the leaf was probably the external page, or outside of the 
book. 

The other remains (figs. 3. and 4) appear to be fragments of a case, or cover; 
ornamented by lines curiously impressed upon it: they are of leather. 

From this brief account of the book it will be seen that it was probably the 
property of some schoolmaster, or scholar, who had inscribed upon it, amongst other 
things, his exercises in grammar and dialectics. The contents, as far as they are 
legible, are of no interest or value, and do not even aid us much in forming an 
estimate of the age of these curious relics: nevertheless, it can scarcely be doubted, 
judging from the characters inscribed on them (of which a magnified specimen 
is given (Plate II. fig. 4), that the tablets are at least as old as the thirteenth or 
fourteenth century; and yet it seems difficult to believe, after making every 
allowance for the antiseptic properties of au Irish bog, how an article of such 
frail materials could have been preserved in so unfavourable a situation for any 
very long period. 

T am aware that it has been maintained that the use of tablets of wax ceased 
in the fifth century: at least a learned French Dominican, Pére Alexandre, 
asserted this in the beginning of the last century, and employed the assertion to 
prove the antiquity of certain supposed relics of St. Mary Magdalene, from a 
waxed tablet found in a tomb in 1279, on which were inscribed the words « Hic 
requiescit corpus Marie Magdalene.” 

T have not had an opportunity of consulting P. Alexandre’s memoir, and I know 
it only from the very satisfactory refutation which his theory has received in a 
Paper in the Mémoires de Litterature of the Royal Academy of Inscriptions(a), 
by M.I’Abbé Le Beuf, who has clearly shewn that the practice of writing on 
waxed tablets, so far from having become extinct in the fifth century, was prac- 


(2) dead. Royale des Inscript, tom. xx. p- 267. 
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tised in all subsequent centuries down to the beginning of the eighteenth, although, 
of course, it began to decline after the invention of paper and other more con- 
venient materials. 

It is well known that among the ancient Greeks and Romans, tablets of this 
kind were in use, and particularly that they were employed for the very purpose 
for which that now before us appears to have been used, namely, to teach letters 
and writing in grammar schools. The ancient tables, however, were often much 
larger than this; for the schoolmaster in Plautus complains, that although formerly 
young men would obey their master, even after they had been elected to a public 
office, the degeneracy of the times had then reached such a pitch that a boy of 
seven years old, if reproved or censured, would break his schoolmaster’s head 
with his tablets : 

“* Nam olim populi prius honorem capiebat suffragio 
Quam magistri desinebat esse dicto obediens. 


At nunc priusquam septennis est, si attingas eum manus 
Extemplo puer pedagogo tabula dirumpit caput.”(a) 


In the middle ages, however, the wax tablets, like the specimen before us, 
were made of such a size as to admit of being carried as memorandum-books, or 
note-books, in the pocket. 

Mabillon, in his learned work, De re Diplomaticd, has quoted()) some verses 
of Baldricus, or Baudri, abbot of Bourgeuil, in Anjou, in the eleventh century, 
composed on the occasion of breaking the style, or graphium, which he had used 
for his waxed tablets for ten years. In this poem the author gives a minute account 
of the tablets ; he describes them as having been covered with green wax, for the 
assistance of the eyes, not with black, which we may therefore infer was more 
common. He commemorates one Lambert of Angers, by whom a new style 
had been made to fit the tablets, after the old one had been broken; and he 
praises the abbot of St. Martin de Sées, by whom he had been presented with a 
case (sacculum) for holding them. He immortalizes also his secretaries, or scribes 
(Girard and Hugo), who transcribed on parchment the verses which he himself 
was wont to compose on the wax. The convenient and portable size of these tablets 


(a) Bacchid., Act 11., scen. 3., v. 34-37. 
(6) Supplem.p. 51, From a manuscript in the library of Cardinal Ottoboni. 
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appears to have constituted their value and curiosity, and the poet dwells on this 
circumstance minutely. These lines are worth quoting, because they prove, if I 
mistake not, that the tablets of the poetical abbot were very nearly identical in 
size with those which form the subject of this paper. Addressing the tablets, 
he says : 
“In latum versus vix octo pagina vestra 
In longum vero vix capit hexametrum 
Attamen in vobis pariter sunt octo tabelle, 
Que dant bis geminas paginulasque decem. 
Cera namque carent altrinsecus exteriores ; 
Sic faciunt octo quatuor atque decem. 
Sic bis sex capiunt et carmina centum 
Id quoque multiplices paginule faciunt.” 


Mabillon has evidently misunderstood the second of these verses, when he 
tells us that the tablets of the abbot Baldric are here described as being nearly 
half a foot long ; for the words 


“In longum vero vix capit hexametrum,” 


signify, not that the page was six metres, or inches, long, but that it was barely 
long enough to hold an hexameter verse ; and this is interesting, because it shews 
incidentally that the tablets were then written upon exactly as ours have been, 
namely, not across, but lengthwise, the lines running parallel to the longer side. 
That this is the true signification of the line, and that the word hexametrum 
means an hexameter verse, is evident from the first line, which describes the 
breadth of the tablets by the number of verses which a page can contain: 


“Tn latum versus vix octo pagina vestra,” ke. 


The abbot Baudri was therefore speaking of verses, and, consequently, must have 
meant an hexameter verse, and not a measure of length, by the word hevametrum. 
It follows that the abbot’s tablets were about three, or, at most, four inches 
long; and as each page could contain but eight verses, the leaf was probably 
about two inches broad. 
He tells us also that there were eight leaves in the book, making fourteen 


waxed pages for writing, the external pages of the first and last leaf being left 
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without wax, to serve as covers; and as each page held eight verses, the whole 
book, as he says expressly, was capable of containing 112: 


“Sic bis sex capiunt, capiunt et carmina centum.” 


Thus it appears that these ancient tables were in size and form very similar 
to ours; and therefore, as far as form, size, and material can be considered a 
criterion, our tablets may be as old as the eleventh century. 

But this is, in truth, no certain criterion; for M. Le Beuf, in the memoir 
already alluded to, has given instances of the use of this kind of tablets in every 
century, from the sixth to the beginning of the eighteenth. I shall not detain the 
Academy by repeating here these examples; it must suffice to mention that in the 
seventeenth century tables of wax remained in many churches, and were in use for 
writing and posting up in the choir the names of the officers or ecclesiastics on 
duty for the week. M. Le Beuf cites the testimony of the Abbé Chastelain, of 
Notre-Dame, in Paris, for the fact, that in the year 1692 there were tables of 
green wax in use in the choir of St. Martin de Savigni, in the diocese of Lyons, 
an ancient religious house of the order of Cluny, and that these tablets were then 
written on with a silver style. About the same period, Sieur Le Brun des 
Marettes, author of the Voyage Liturgique, printed in 1718, states that waxed 
tablets were in use in the Cathedral of Rouen, and the names of the officers of 
the church were written on them with a pin. M. Le Beuf himself saw them there 
in actual use in the year 1722; and it is not at all improbable that the custom 
may be kept up there or elsewhere to the present day. 

Nor is their being of a portable size a criterion of age; for portable tablets 
were certainly in common use in England in the fifteenth century, and are thus 
spoken of by Chaucer : 


‘* His fellow had a staffe tipped with horne, 
A pair of tables all of iverie, 
And a pointell polished fetouslie, 
And wrote alwaie the names, as he stood, 
Of al folke, that gave him any good.”(a) 


And they are alluded to, also, more than once by Shakspeare, which brings down 


(a) Sampson’s Tale. 
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their use, as portable memorandum-books, to the age of Queen Elizabeth. Thus 
in the second part of Henry IV., Act 1v., Scene 1, the Archbishop says : 


‘‘And therefore will he wipe his tables clean, 
And keep no tell-tale to his memory.” 


And again, in Hamlet (1. 5) : 


‘“ My tables, meet it is I set it down.” 


Again, in the same tragedy, Polonius says to the King: 


“What might you 
Or my dear Majesty, the Queen here, think, 
If I had played the deske or table-book.” 


We find also mention of a table-book in the following anecdote of the last 
moments of Lady Jane Grey, recorded by Nicholls, in his Progresses of Queen 
Elizabeth(a): «Sir John Gave, constable of the Tower, when he led her to 
execution, desired her to bestow on him some small present which he might keep 
as a memorial of her. She gave him her table-book, where she had just written 
three sentences on seeing her husband’s dead body, one in Greek, another in 
Latin, and a third in English.” 

These examples, however, it must be confessed, do not speak distinctly of 
waxed tablets, and therefore are so far inconclusive in proving the modern use 
of tablets of the kind now before us. Still, however, they prove that portable 
tablets, although of ivory or other materials, continued to be in use to a period 
much later than that to which we must assign the tablets we have described; and 
therefore no inference tending to determine their age can be drawn from their 
form and construction ; although we may perhaps infer that their being of wax is 
some evidence of antiquity, as ivory tablets were in use at least as early as the 
time of Chaucer. 

No trace now remains of the mode in which the leaves of the tablets before 
us were connected together. Montfaucon, in his Antiquité Expliquée(b), has 
figured tablets exactly similar to ours, in which the leaves are fastened together 


(4) Vol. iii. p. 15. (6) Tom. 111. part ii. planche exciy. p- 356, 


14 Rev. J. H. Topp on some fragments of 


by a string passing through holes in their upper corners. He describes them as 
of ivory ; the external pages, or covers, of one of them are enriched with curiously 
carved figures. The covers of the other are less elaborate, being ornamented 
more nearly like ours, by a plain, circular, raised line, with four straight lines 
running from it to the outward edge. 

Tablets of a kind similar to ours are preserved at Paris in the Bibliotheque 
du Roi; and specimens were formerly, if not at present, in the library of the 
College of the Jesuits, in the library of the Discaleced Carmelites, in that of 
St. Germain des Prés, and of St. Victor, Paris; also at Florence and at Geneva. 
The tablets preserved in the Bibliotheque du Roi I have seen ; they are of larger 
size than those now before us, but exactly similar in kind; and from the descrip- 
tion given of the others in the books I have been able to consult, such as the 
Memorr, already referred to, by M. Le Beuf, the T’raité de Diplomdtique of the 
Benedictines, and some others, they also appear to be exactly similar to ours. 
The age of those in the College of the Jesuits is fixed by an entry, still legible, 
to 1283. Those of Florence are proved to contain the travels of Philippe le Bel 
in 1301; and the tables of St. Victor and of Geneva also contain the memoranda 
made by some servant, or steward, of that prince, about the same year, and there- 
fore are to be referred to the beginning of the fourteenth century. Sig. Antonio 
Cocchi has given a full aecount of the tables of Florence in a work which I have 
not seen, entitled “ Lettera Critica sopra un Manuscritto in Cera.” 

In the year 1840, the learned M. Massman, of Munich, published at Leipsic 
an account of certain tablets of wax said to have been found in 1790 in the gold 
mines of Hungary, and professing to have been written in the third consulship 
of the Emperor Lucius Verus, that is to say, in the second century of the Chris- 
tian era. The title of M. Massman’s work (which, however, I have not seen) is 
“‘ Libellus Aurarius sive Tabule Cerate et antiquissime et unice.” It is evi- 
dent, however, that M. Massman was deceived as to the antiquity of these tablets, 
for the writing they contain is of a period much later. The Messrs. Champolion, 
in their splendid work, ‘ Paleographie Universelle,’ have given a represen- 
tation of these tablets from M. Massman’s plate. From this it appears that they 
were of the same kind as ours; but the character of the writing, and especially 
the divisions of words, are sufficient to disprove their claim to the remote antiquity 
assigned to them. 
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On the whole, therefore, I would conclude that the tablets before us may, 
with great probability, be assigned to the latter end of the thirteenth, or begin- 
ning of the fourteenth, century; and I am led to this conclusion altogether by 
the form of the letters inscribed on them, which appear to me to belong, most 
probably, to that period, although, in some respects, their forms are peculiar, 
particularly in the letters a, g, and 7; but of this the accompanying plates, which 
represent the characters inscribed on the tablets with great accuracy, will enable 
the reader to judge for himself. 


II.— Description of an ancient Irish Shrine, called the “ Mias Tighearnain.” 
By W. R. Wixoe, F.R.C.S.1., &e. 


Read 8th of June, 1846. 


Tue great interest attached to ancient Irish shrines, and a desire to record the 
history and description of an exceedingly valuable piece of antiquity, have induced 
me to bring this curious relic before the Academy. It is an ancient shrine, from 
the barony of Tirawley, in the county of Mayo; and at present belongs to Annesley 
Knox, Esq., of Rappa, who has kindly lent it to me for this purpose. This unique 
species of shrine consists of a circular disk, or plate of copper, slightly dished 
or hollowed, about one-eighth of an inch thick, and thirty-four inches in circum- 
ference, and ornamented with a silver cross on the front, or concave side, as repre- 
sented in the annexed engraving (fig.1). Upon a close examination it is found 
to consist of four thin plates of copper, riveted together; and from the worn 
appearance which the two central plates exhibit at a part where, the shrine hav- 
ing sustained some injury, they have been uncovered, it would seem as if they 
had been the original portion, and that the present outer plates, which are much 
thicker and newer, were subsequently added to preserve the former; to which 
there are many analogies in the Irish shrines still remaining in the kingdom, and, 
like several of them, this appears to have been repaired by a variety of artists. Each 
outer plate is divided into four parts, and these parts are covered at their joinings 
by the arms of the cross on each side. These crosses bespeak a very early period 
in Irish art, and resemble many of the earliest stone sculptured and sepulchral 
crosses which are found connected with some of the primitive monastic remains 
in Ireland, having a central circular piece, and the arms expanded at their’ 
extremities. The central piece of the silver cross was originally gilt, and formed 


a ring, in which it is likely a crystal, such as that in the Cross of Cong, was set ; 


>? 
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and within this ring there is a small hollow cavity, covered over with a separate 
piece of copper, which contains within it some hard substance, believed (according 
to the popular traditions of the country) to be a relic of the Virgin. The carving 
on the circumference of this silver centre-piece resembles more closely the pat- 
terns on some of the gold ornaments of the pagan era than any that has yet been 
discovered on a Christian antiquity, and would of itself bring back the date of the 
manufacture of this shrine to a very remote period (see fig. 5). We do not find 
on this shrine any remains of the dog-figured ornament so common in the embla- 
zonry of the early manuscripts, and so frequently found among the tracery of 
shrines and croziers as to be almost emblematical of early Irish art. 

On the front of the shrine we find the settings, in silver, of two precious 
stones, but these appear to have been added in comparatively modern times, and 
were evidently offerings placed on it by those who believed they had derived 
benefit of some kind from it: a fragment of amber still remains in one of these, 
which is represented of the natural size at fig. 6. The edge of the shrine was 
bound with a narrow band of copper, which appears to have been renewed on 
several occasions, each addition exhibiting a different form of ornament, and at 
one period the whole was encircled with a rim of silver, only a very small portion 
of which now remains. Each arm of the cross was carved in a different manner, 
and on one of the arms may be traced the wivern, and also a portion of the 
head of a bird (fig. 3). On the reverse, or convex side, the cross is plain, and 
of copper, and is strengthened by an inner circular plate of the same material, 
which appears to have been added to give additional security to the whole; as 
seen in the annexed engraving (fig. 2). 

There are but few of the original rivets now remaining, most of the fasten- 
ings being either of modern brass or iron. There can be little doubt that this is 
one of the oldest shrines in Ireland, but its use is involved in more obscurity 
than some of those at present in the museum of the Academy; and its local name, 
Map Tisheannamn, “ St. Tiernan’s dish,” does not throw much light on its his- 
tory. This term is a corrupt translation of the original. Mas, though used 
occasionally to express a dish or platter, is rendered by the best Irish scholars an 
altar, or rather the Paten, and this is its true meaning in the oldest Irish manu- 
scripts. The original part, whichever it is, may have been the altar-plate, or Paten, 
of St. Tiernan, on which the chalice and the sacred elements were placed, or any 
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other portion of the altar, which it was customary, even at that time (the date 
of St. Tiernan), to decorate with precious stones, gold, silver, brass, copper, &c. 
It has been conjectured to be part of an ancient pix, but this opinion has not been 
supported by either argument or analogy. 

The local traditions are chiefly confined to its miraculous virtues, it having 
been for a great many years used by the country people to swear upon; they 
believing that it possessed the miraculous power of causing the face of any one 
who forswore upon it to turn round to the back,—in the same manner as the 
ancient crozier called the Gearr Bearaigh [Garr Barry] of the O’ Hanleys, of 
Slieve Baune, in the east of the County of Roscommon, and other shrines and 
relics throughout the country, are supposed to do. 

St. Tiernan, or St. Tighearnan, of Oireadh Locha Con, flourished about the 
end of the fifth century. His pedigree, as given in the Book of Lecan (fol. 46), 
runs thus: ‘‘Tighernan, son of Muinidh, son of Cairpri, son of Amhalgaidh, 
son of Fiachra, son of Eochaidh, monarch of Ireland;’’ so that he was of royal 
descent. He is also mentioned in the genealogy of the Hy-Fiachrach, by Duald 
Mac Firbis (see O’ Donovan’s Genealogies, Tribes, and Customs of Hy-Fiachrach, 
published by the Irish Archeological Society, pp. 12, 103, 239). His church 
was at Oireadh, or Errew, as it is now called, a promontory that runs into 
Lough Con, in the barony of Tirawley, a locality crowded with monastic remains, 
and hallowed by the personal mission of St. Patrick. St. Tighearnain’s festival 
day was annually celebrated here on the 8th of April, according to the Irish 
Calendar of Michael O’Clery. The original church has long since been de- 
stroyed, but the ruins of an abbey, of considerable extent, said to have been 
erected on its site by the Barretts, still remain. It is mentioned in the Annals 
of the Four Masters at the year 1404, when Thomas Barrett, Bishop of Elphin, 
a most distinguished scholar and divine, was interred at Arradh (Errew) of 
Lough Con; and again in 1413, where it is stated that Henry Barrett was 
taken prisoner in the church of Airech Locha Con by Robert, the chief of the 
Barretts, who bore the Irish name of Mac Wattin, who led him captive from the 
sanctuary; that the patron saint of the church appeared in a vision at night to 
Robert, requesting him to discharge the prisoner ; that this was finally done, and 
that Mac Wattin bestowed a quarter of land on St. Tiernan for ever, as an atone- 
ment for having violated his sanctuary. 
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Archdall mentionn the Monasticon, p. 502, that « This friary was erected 
at the extreme end o/rew, a peninsula stretching from the barony of Tirawley 
into Lough-conn. {Leogan was abbot of Lough-conn, and his feast is held 
on the 30th Septeml. In the year 1463 an Act passed enabling the friars of 
the house of Erewe,t Connaught, to receive the sum of five shillings annually 
out of the lands of llymoy.” 

It is also mentied in inquisitions of the 27th of Elizabeth and the 3rd of 
James. 

** A holy well, lled Tobar Tighearnain” (writes Mr. O'Donovan, in a note 
to the poem of the y-Fiachrach, p- 239), “dedicated to this saint, is situated in 
the south of the tnland of Killeen; anda relic which belonged to him, called 
Mias Tighearnain. e. St. Tighearnain’s dish, was preserved for ages in the 
family of O’Flymiwho are said to have been the herenachs, or hereditary war- 
dens, of Errew; t though they held it in the highest veneration, as a relic of 
the patron saint’ their family, they were finally induced, in a hard summer, 
when provisions :re very dear, to sell it to Mr. Knox, of Rappa Castle.” 

Besides the tiquarian interest attached to this curious relic, it is of much 
consequence in i historical point of view, inasmuch as it may yet be found 
referred to in tl unpublished manuscripts; and therefore the Academy should 
carefully preservand record all the circumstances connected with this shrine of 
the Mias Tigheaain. 

Two very aurate drawings of it have been deposited in the pictorial cata- 
logue of the meum of the Academy. 

In the anned plate, figure 4 shews the inferior arm of the cross, the natural 
size; and figw7 is a diagram of a section of the shrine. 
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